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I
Foreword

I The Bay-Delta Estuary provides drinking water to two-thirds of the State’s
population, supplies irrigation water ~ some of the State’s most productive agricultural
areas, and is one of the largest ecosystems for fish and wildlife habitat and production in the

I United States. Effective management of the Estuary requires an understanding of how
these competing beneficial uses influence one another. A tool available to decision makers in
gaining such an understanding is computer simulation. Therefore, a number of computer

i models have been (and are being) developed by the Division of Planning to simulate
cause-and--effect relationships between water project operations, agricultural activities, and
the environment. The purpose of this report is to describe computer models that provide
estimates of agricultural diversion and return flows and qualities; these estimates are
employed as input to models of Bay-Delta hydrodynamics, water quality, and particle
tracking.

!
I

I Edward F. Huntley,
Chief, Division of Planning
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I
Chapter 1¯̄

Introduction and Conclusions

I Approximately two-thirds of the land in the Sacramento-San Joaquin Delta
supports agriculture. Irrigation diversions and agricultural return flows significantly

I impact Delta hydrodynamics, water quality, and biological resources. The volume of water
depleted by agricultural activities is approximately one-third the volume exported by Delta
water projects (see Figure 1-1). Hence, agricultural activities play a significant role in

I c~rculation patterns. Agricultural activities also affect water quality. Delta islands act as
salt reservoirs by first diverting and storing salts in the summer and then releasing those
salts during the winter through leaching and drainage of precipitation (Quantity 1956).

I Delta agricultural drainage also contains elevated levels of organic matter, which
contribute to the formation of trihalomethanes and other disinfection by-products in
treated drinking water (Delta Island 1990; Hutton and Chung 1992). Finally, agricultural

I activity also affects biological resources. Unscreened agricultural diversions entrain eggs,
larvae, and juvenile fish (Water Quality 1994).

!
Gross channel depletion

6%

I CVP export
9%

I SWP export
8%

I -CCC export
1%

I Delta outflow
76%

I

I Figure 1-1. Average Annual Delta Depletions, Expods, and Outflow (DAYFLOW 1975-91)
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Estimation of Delta laland Diversions and Return Flows

Due to the importance of agricultural activities, several of the Department’s Delta
computer models rely on estimates of agricultural diversions and return flows and quality
to provide an accurate picture of the physical processes occurring within the Delta. For ¯
example, the Delta Simulation Model (DWRDSM) is a hydr.odynamics and water quality
model that requires information on agricultural diversions and returns. The model grid,
shown in Figure 1-2, is composed of 416 junctions or nodes, 496 channels, and 13 open
water areas. Agricultural diversion and return flows and concentrations of conservative
water quality constituents (e.g. salinity and total organic carbon) can be input to the model
at any node (Hutton and Chung 1992). The Delta Island Consumptive Use (DICU) model
and associated routines, the subjects of this report, were developed to (1) estimate
agricultural diversion and return volumes and (2) assign these volumes and associated
water quality concentrations to DWRDSM nodes. While locations and magnitudes of
agricultural diversions influence Delta hydrodynamics and water quality, they also affect
the transport and fate of biological resources in the Delta. Transport and entrainment of
biological resources is simulated with DWR’s Particle Tracking Model, a model which
employs the same hydrodynamics, geometry and channel depletion information as
DWRDSM (Bogle et al. 1993).

Scope of Report

This report describes the DICU model and associated computer programs developed
and employed by the Division of Planning to estimate Delta agricultural diversion and
return volumes. Details on program logic, input data, model validation, and sensitivity
analyses are presented.

Chapter 2 defines a number of physical processes and farming activities related to
consumptive use such as precipitation, seepage, evapotranspiration, irrigation practices,
soil moisture storage, leach water application and drainage, and runoff. Mathematical
relationships between processes are presented in this chapter. The Department and others
have published several methods of estimating Delta consumptive use; these are
summarized in Chapter 3. Motivation for using the DICU model to estimate Delta
consumptive use is discussed.

Chapters 4 through 6 provide details on the computer programs such as program
logic and input data. Figure 1-3 diagrams program inter-relationships. Chapter 7
documents an attempt to validate the DICU model. Field data collected on Twitchell Island
in 1960 are compared with model results for the same time period. Comparison plots of
precipitation, evapotranspiration, soil moisture budget, applied water, return flows and

illustrate the strengths and weaknesses of the DICU model.seepage

Validation results are used in Chapter 8 to examine the sensitivity of Delta diversion
and return estimates to changes in the following factors: land use, farm irrigation efficiency,
seepage, precipitation, leach water, evapotranspiration, and soil moisture limits. Chapter 9
concludes the report with a discussion of future tasks related to model enhancement.

I
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I Acreage for 142 Delta sub-areas
Acreage for 20 possible land use categories
Non-critical and critical water year Delta {and use

I Hisloric monthly total precipitation for 7 Delta stations (1922-92)
Histodc monthly total pan evaporation (1956-84)
Mean ET for each land use category
Estimated soil moisture accounting

I Typical monthly irrigation schedule for each irrigated crop and water year type

~nsumptive Use model ~)

Total consumptive use
Consumptive use of precipitation
Consumptive use of seepage

I Depletion of applied water

Estimated irrigation efficiency
Diversion and drainage allocation factors (sub-area-to-DWRDSM node)
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Estimated drainage quality concentrations
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Figure 1-3. Programs Flowchart
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Estimation of DelM Island Diver~ions end Refurn Flows

Summary of Conclusions

¯ The DICU model can be used to estimate Delta diversion and return volumes on a
detailed spatial level, given information on land use, farming practices, and climatic
conditions. Input data is needed on a detailed level to accurately model Delta
hydrodynamics, water quality and particle fate and transport.

Validation shows that Twitchell Island soil moisture modeledchanges being
reasonably well. On an annual basis, the model also performs reasonably well in
predicting Twitchell Island applied water requirements. However, the model tends to
over predict early growing season predict the growingin the andunder latein
season. Model validation also suggests that seepage and return volumes are
consistently under predicted.

¯ Sensitivity analyses indicate that the model is highly responsive to changes in (1)
evapotranspiration and irrigation efficiency during the growing season and (2)
leaching practices following the growing season.

¯ When water is not being applied for irrigation, diversion estimates are sensitive to-
changes in seepage. Because the current version of the DICU model only accounts
for seepage that is available to plants for consumptive use, return flows are not
particularly sensitive to changes in seepage. This limitation on seepage currently
imposed by the model may cause both diversion and return flows to be consistently
under predicted.

The DICU model lumps siphon inflows and seepage into a single channel diversion.
To accurately simulate the significance of agricultural diversions on particle fate and
transport, channel diversion estimates must be disaggregated into siphon inflow and
seepage estimates (as only siphon inflows entrain particles).

Future Activities

Future activities will focus on improving DICU model performance by modifying
input data, assumptions, and formulations. Anticipated activities include:

¯ utilizing diversion and drainage information from the Municipal Water Quality
Investigation Program’s Delta Island Water Use Study (and other sources) to modify
model assumptions on seepage, leaching schedules, and irrigation efficiency;

¯ modifying the formulation to estimate evapotranspiration based on the
Hargreaves-Samani equation;

¯ extending the use input to better represent historic conditions;land

. modifying the output structure so that water quality constituents other than salt
are assigned to agricultural return nodes, including electrical conductivity, minerals,
organics, nutrients, dissolved oxygen, temperature, and algae; and

modifying the output structure to disaggregate channel diversion estimates into
siphon inflow and seepage inflow.

C--032905
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Chapter 2
Physics Of Consumptive Use

Consumptive use (CU) of water includes both evaporation and transpiration;
evaporation from the soil, water surfaces and hard tops (roofs and other impervious
surfaces in urban areas), and transpiration through plant surfaces. Sometimes the phrase
consumptive use is used interchangeablyevapotranspiration (ET). However, the ETwith
demand of a plant is not always met (as in the case of non-irrigated crops during summer)
and therefore a distinction is made between the two in this report.

Figure 2-1 is a representation of the hydrologic cycle that illustrates some of the
physical processes related to consumptive use (Vegetative 1967). A simplified version of the
hydrologic cycle for a typical Delta island, shown in Figure 2-2, is used to estimate Delta
consumptive use. Factors such as precipitation, seepage, evapotranspiration, irrigation, soil
moisture storage, leach water and runoff are identified on the simplified hydrologic cycle. A
few comments about the nature of each factor follow.

Consumptive Use Factors

Applied irrigation water (IA): The volume of water diverted from Delta channels and
applied as irrigation water depends on the availability of other sources of moisture to a crop
such as precipitation, seepage, and soil moisture. In determining the volume of water to
divert, farmers may also take into account the method of irrigation, soil type, crop root
depths, and cost of the available water supply (Vegetative 1967). This volume of water is
typically greater than the minimum irrigation requirement (IR) caused by irrigation
efficiency (~1).

Leach water: In the Delta Lowlands, it is a common practice to leach salts from the
root zone periodically by making heavy applications of water for extended periods
(Documentation 1966). Aerial observations indicate that leach water is applied (LWA) from
October through December and is drained (LWD) from January through April (Joint 1981).

(S): The rate from channels to islands in the Delta LowlandsSeepage seepage
depends on soil characteristics and the head difference between water elevations in the
channels and water elevations in drainage ditches in the islands. The Delta Lowlands are
defined those in the Delta with lands below elevation of fiveas areas lying plusan feet,
mean sea level datum (Quantity 1956). The mean monthly head differential is essentially
constant throughout the year, varying not more than about five percent in any month which

a seepage rate (Salinity 1962). Owen assume seepageindicates uniform and Nance that the
rate is relatively constant throughout the year because drainage pumps keep the ground
water level relatively constant (Owen and Nance 1962).

Evapotranspiration (ET): Factors that affect ET can be categorized into climatic,
plant, and soil categories. Climatic factors include solar radiation, wind, humidity,
temperature, and preci’pitation. Plant factors include percentage of ground covered by
transpiring vegetation, state of plant development, plant physiology, and surface roughness

I 7
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Figure 2-1. Hydrologic Cycle I
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I Figure 2-2. Simplified Hydrologic Cycle for a Typical Delta Island

of’the crop. Soil factors include available moisture content of the soft mass within the root

I z.one and the transmissibility rate of moisture through the soil to plant roots. Of the three
types of categories, climatic factors generally have the greatest influence on ET with solar
radiation being the most dominant of those climatic factors (Vegetative 1967).

I Precipitation (P): Precipitation in the Delta is not uniform. Theissen polygon
interpolation routines, using data obtained from stations located in and around the Delta,
are used to estimate the spatial distribution of precipitation.

I Soil moisture (SM): The availability of soil moisture to plants depends on the
amount that either can be or is stored in the soil. Various internal and external factors may

i also limit the availability of such moisture. Examples of such factors are (1) amount and
intensity of precipitation, (2) rooting depths of crops, (3) soil infiltration rates, and (4)
available moisture-holding capacity of the soil (Vegetative 1967).

I Surface runoff (RO): Runoff occurs when there is precipitation in e~cess of that
which can be used by plants or stored as soil .moisture. On most Delta islands, runoff flows
into drainage ditches and is pumped into neighboring channels.

I Irrigation drainage (ID): Agricultural drainage water must be pumped from
farmlands over levees into the nearby channels since most agricultural areas in the Delta

i are at or below sea level.

C--032909
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Mathematical Relations Between Consumptive Use Factors

In this report, total consumptive use for each island is defined by the following
equation:

TCU- Divs~ions-Drainage + P {2-1)

Diversions and drainage associated with each island can be expressed in terms of
the CU factors and an irrigation efficiency (~l):

Diversions = IA + LWA + $ (2-2)

Drainage = (1.-~) IA + LWD + RO (2-3)

where IA=IR~ (2..4)

Furthermore, the change in soil moisture over any time interval can be calculated
from the following water balance derived from Figure 2-2:

ASM = Diversions + P - ET - Drainage (2-5)
On a Delta-wide basis, TCU is synonymous with the terms Delta CU, Delta water

requirement and gross channel depletions (GCD). TCU will be separated, later in this
document, in terms of the consumptive use satisfied by precipitation (CUp), seepage (CUs),
applied water (CUAw) and ASM. Net channel depletions (NCD) is simply the difference
between total diversion and total drainage or TCU minus Delta precipitation and is
synonymous with the term internal Delta net use.

The equations above will be discussed in more detail in Chapter 4 and Chapter 5.

C--03291 0
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Chapter 3I
Delta Channel Depletion Estimates: Overview

! Channel Depletions

I Diversions of water onto agricultural lands for irrigation difficult to measure
because the diversions are made through siphons, pumps, and floodgates operating under
continuously fluctuating water levels in the channels (Salinity 196~.). The diversions are

I withdrawn than locations in the Delta (Sacramento-San Delta Atlasat more 1,800 Joaquin
1993). Seepage from the channels onto islands in the Delta Lowlands, which also
contributes to channel depletions, is even more difficult to measure. Since these flowsI cannot be measured used is to first estimate waterdirectly, approachan widely useby crops

and then use the results to estimate irrigation diversions. Many Delta channel depletion
estimates use this approach, such as:

I ¯ San Francisco Bay-Delta tidal hydraulic model estimates;

DWR DAYFLOW historical channel depletion estimates;
I           , USBR/DWR channel depletion estimates for real-time operations; and

# DWR Division of Planning channel depletion estimates.

I A discussion of each approach follows.

i San Francisco Bay-Delta Tidal Hydraulic Model Estimates

Delta agricultural diversions and returns are simulated in the US Army Corps of
Engineers Bay-Delta physical model. Diversions are simulated at 12 locations and returnsI at 24 locations. The magnitudes of the flow at each location are usually varied for dynamic
simulations. However, the model is mostly run in steady-state mode for which a fixed

i low-flow hydrology (net Delta outflow of 4,400 cfs) is simulated. For the low-flow hydrology,
total Delta diversions amount to 4,600 cfs and total Delta returns amount to 1,200 cfs. The
preceding values yield a Delta NCD of 3,400 cfs. The locations of the diversions and returns

i were established by an interagency technical committee (San Francisco).

DWR DAYFLOW Channel Depletion Estimates

I The DWR DAYFLOW model computes daily Delta NCD based on an annual set of
monthly GCD estimates. Each month is assigned an average GCD value determined by
DWR’s Central District Office (Dayflow 1985). Monthly GCD estimates do not vary from

I year to year. The same annual pattern is used regardless of meteorological and hydrological
conditions.

I - 11 -

C--032911
C-032911



Ea(|rnatlon of Delta island Diversions an,d.,,Retum ~.ow$ I

Mean daily estimates of GCD were determined graphically by fitting the monthly
averages with a continuous curve. Daily NCD is computed as the difference between GCD
and Delta precipitation; these estimates vary annually. Daily estimates of NCD are
available for October 1930 through 1992. An assumption is .made that all the precipitation
is available to meet consumptive needs (Dayflow 1985). Monthly averages of DAYFLOW
daily net channel depletions over the period water year 1930 through 1992 are listed in
Appendix A, Table A-1.

DWR/USBR Channel Depletion Estimates for Real-Time Operations

The DWR Division of Operation and Maintenance predicts a value known as the
Delta Outflow Index (DOI). The DOI represents the daily mean net flow of Delta water into
San Pablo Bay and is calculated and used daily in SWP operations. In April 1969, United
States Bureau of Reclamation (USBR) and DWR agreed to use the same consumptive use
values to compute the DOI (Federal 1969). By October 1969, both agencies agreed on a
method of computing daily NCD (Hammond 1969).

The NCD estimates were developed by averaging monthly GCD for the Uplands for
1922-1968 and then subtracting the average monthly precipitation for the same time
period. The same was done for the Lowlands. Monthly NCD values for the Delta were
calculated as the sum of Uplands and Lowlands estimates. Daily estimates were
determined graphically by fitting the monthly averages with a continuous curve (Hammond
1969). The daily values do not vary from year to yea~ The same annual pattern is used
regardless of meteorological and hydrological conditions. Table A-2 lists monthly averages
of the net Delta channel depletion estimates that are used to compute the DOI.

DWR Division of Planning Channel Depletion Estimates

The Delta channel depletion estimates generated by the Division of Planning are
based on a soil moisture budget model which was developed initially to estimate
consumptive use in the Central Valley (Consumptive Use Program 1979). The same soil
moisture accounting method is used by the Consumptive Use (CU) Model (Consumptive Use
Model 1991) and the DICU model.

The CU Model. The CU Model is used to estimate consumptive use in 36 areas in
the Central Valley known as "Depletion" or "Drainage Study" areas. One such area is the
Delta. The Delta consumptive use estimates are generated using a soil moisture accounting
method on which the DICU model is based (discussed in Chapter 4). The only difference
between the two models is the input data used. Differences in the input data exist because:

th~~ CU Model estimates consumptive use for two areas in the Delta (the Delta
Uplands, and the Delta Lowlands) while the DICU model does it for 142 subareas.

the CU Model is used to estimate historical consumptive use as well as projected
consumptive use for future levels of development. However, the DICU model is
currently only being used to estimate historic consumptive use.

The CU model has been used to estimate several values of Delta channel depletions
by simulating various assumptions. One set of estimates, shown in Table A-3, is the result
of using a set of crop ET estimates that vary monthly but not from year to year (constant
ET estimates). Recently, the CU model was used to compute a new set of net Delta channel

- 12-
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Estimation of D~ta Island Diver~ions ~nd Return Flows

depletion estimates based on the Hargreaves-Samani.ET equation (Reference 1985) and
new crop coefficients. Those preliminary estimates are listed in Table A-4.

The DICU Model and Associated Routines. Unlike any of the above models, the
DICU model subdivides the Delta into 142 regions, or subareas, and estimates consumptive
use on each subarea. Only the DICU model and associated routines calculate channel
depletions on a detailed spatial level, which is needed as input data to accurately model
Delta hydrodynamics, water quality, and particle tracking. Monthly NCD estimates are
listed in Table A-5. Chapter 4 covers the DICU model in more detail.

-13-
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Chapter 4
Delta Island Consumptive Use Model

Description of the DICU Computer Program

DICU analysis involves keeping track of water that enters, leaves, or is stored on
each of 142 Delta subareas on a monthly time step. Factors such as precipitation, seepage,
evapotranspiration, irrigation, soil moisture storage, leach water, runoff, crop type, and
acreage are utilized. Table 4-1 is a list of 142 Delta subareas and Figure 4-1 shows their
locations in the Delta. The 142 subareas cover the Delta Service Area which consists of all
lands in the Lowlands and Uplands (Sacramento-San Joaquin Delta Area 1965).

DICU analysis is composed of two main steps. First, the DICU model is used to
determine TCU, CUI~ CUs and CUAw for each subarea. Then, an associated routine
(NODCU) uses the results to calculate diversion and return flows for each subarea and~
allocates them to DWRDSM nodes (approximately 250 diversion nodes and 200 drainage
nodes). The routine also assigns representative total dissolved solids (TDS) and chloride
(CL) concentrations to the nodal return flows from a study reported in Bulletin 123 (Delta
and Suisun 1967). These results, in turn, are used as input to the DWRDSM model for
l~istoric simulations and planning studies (See Figure 1-3).

The DICU model computes CUAw knowing ET, CUI~ CUs, and ASM based on the
following equation:

TCU = CUp + CUS + C;UAW + ASM (4-1}

Equation 4-1 is equivalent to equation 4-2 when all the ET is met.

TCU = ET + ASM (4-2)

The equations are applied to each crop on each subarea for the purpose of calculating the
minimum irrigation requirement using the following equation:

IR = CUAw + ASM (4-3)

Knowing IR and assuming a farm irrigation efficiency factor (~l), diversions and
drainage are then calculated by the NODCU program using equation 2-2 and 2-3 in
Chapter program is discussed in Chapter2.TheNODCU detailin 5.

Figure 4-2 is a flowchart showing how the DICU model uses the input data for soil
moisture accounting. In general, precipitation, seepage and applied (irrigation) water can
be either used by the plant (ET), stored as soil moisture, or drained as runoff. The
procedure shown in the flowchart is used for each land use category, each of the 142
subareas, and each month, Details of the accounting procedure along with sample
calculations are provided in Appendix B.

- 15-
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of Delta Island Diversions end Return Flows

Table 4-1. DICU Model Subareas

~ub~z~a ~ Region" 8ubm ~ ~ub~,~ # ~*
1 L UNI~ I~D (EAST) 72 L B~N~N I~

3 L G~ND I~ND 74 L ~WARD
4 U ~SSDALE 75 L ~E~.~ T~CT
5 L ~RR~ I~ND 76 U ~IN ~H
6 L LIS~ DIS~ICT ~ U ~CT~
7 L ~RUS I~ (L~R) 78 L
e L S~R~N ~D ~ U ~S~
9 L NEW ~E T~CT ~ L ~L

~0 L S~R ~D e~ U ~L ~H

13 L ~D~S I~ (MIDDY) ~ U WAL~
14 L RYER 1~ 85 U
1~ L ~E~S ~D (~DLE) ~ U ~E ~E
16 L EG~RT T~CT 87 L
17 U EGBE~ T~CT ~ U
I 8 L R~ERTS ~ND (UPPER) 89 U
19 L TERMI~S T~CT ~ L ~ALE
~ L P~R~ DI~R)CT 91 U ~SDALE
21 L WALN~ GROVE ~ L ~SIG~TED AREA
~ L ~ORUS I~D (UPPER) ~ U ~OESIG~D
~ L ~R IS~D ~ L EHR~RDT ~UB (ARD)
24 L ~KET DISTRICT 95 U ~U~ES~LU~E
~ L R~E~S ~S~O (L~ER; ~ L
~ L SCRIBNE R 97 L ~ AREA
27 L H~ J~CTION ~ L ~A IS~ND
28 L ~NDALL I~ND ~ L L~E
~ L BOULDIN IS~ND 100 L ~~-~LL~MS~ T~CT
~ L GLIDE DI~RICT 101 U ~E ~E A~A
~1 L EL ~S~DERO 102 L UNDESIG~TED AREA
32 L HOTCHKISS T~CT 103 U ~DESlG~TED AR~
~ L BRY~ T~CT t04 L ~ER I~ND
~ L CLI~ ~URT 105 L AT~S
~ L INACTIVE 106 U AT~S T~CT
~ U ~BERT~C~ 107 L DREX~R T~CT
~7 L JERSEY IS~ND I08 L ELM~ T~CT
~ L ~ ~C~ME~O 109 L FERN ISLAND
~9 L N~HER~NDS {C~S 4~ & 5 110 L H~D~ACH IS~ND
40 L UN~MED 111 L HENNING ~CT
4t U PI~ AND NAGLE E 112 L ~ IS~ND
42 L ~RCHELL ~ND 113 L ~KER ~KE T~CT
43 L SMI~ ~H t 14 L ~RRI~ IS~ND
~ U PRIVATELY OW~ D 1 lS L RIO B~ T~CT
45 U SMI~ T~CT 116 L
~ L PROSPECT IS~ND 117 L ~IN KEE T~CT
47 L MILDRED I~ND 11~ L ~P~ IS~ND
48 L ~NICE IS~ND 119 L ~TA~N IS~ND
49 L ORW~D T~CT 1~ L ~IG~ T~CT
~ L H~ND ~CT 121 L UNDESIGNATED AREA
5~ L ~B8 T~CT 1~ U ~DESlGNATED AREA
52 L ~NDEV~LE IS~ND 1~ L DECKER IS~ND
53 L ~ IS~ND 124 L L~ HOL~ND ~CT
~ L EMPIRE T~CT 125 L UNDESIGNA~ AREA
55 L ~D~D T~CT 1~ U UNDESIGNA~D AREA
~ L B~CK T~C1 127 L L~ HOLED T~CT
57 L PALM T~CT 128 U UNDESIGNATED AR~
~ L RtNDGE T~C~ 1~ L UNDESl~TED AREA
59 L J~ES T~CT (LO~ R) I~ U UN~SIG~TED AR~
~ L J~ES T~CT ~PPER) 13t L BE~EL IS~ND
61 L V~OR~ ISLAND 1~ L ~EY I$~ND
62 L ~DFORD IS~ND 1~ L ~CH SL~H AND POSEN ~ ~ M~ND
63 L BISH~ T~CT 1~ L F~SE RWER,PIPER SL.,SAND ~ND ~.,~ ~K
~ L KING IS~ND 1~ L FISHER~N C~ WATERWAY
65 L PESCADERO DISTRICT 1~ L F~NKS ~CT
~ U PESCADERO DISTRICT 137 L ~D RNER, ~ C~, A~ I~N SLOUGH
67 L B~DFORD tS~ND 1~ L DUllY IS~ND
~ L HASTINGS T~CT 139 L ~E I~ND
69 L STEWAR~ T~CT 140 L ~N ~A~tN R~R WATERWAY
70 U RIVER ~NCT~ 141 L ~N ~A~IN WATERWAY NORTH
71 L VEALE T~CT 142 L TAYLOR ~GH WATERWAY

"R~ion: L - ~ands, U - U~ds
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I Figure 4-1. DICU Model Consumptive Use Subareas
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Is the precip + seepage > ET dema.nd ?

yes no

Use enough precip + seepage Use all p~ecip + seepage to
to satisfy the ET demand satisfy part of the ET demand

Is soil moisture yes Runoff - excess
at its upper limit? = precip + seepage

Add applied water no Is soil moistureuntil the soil moisture ..,e---=---
is at its lower limit above the lower limit?

yes I

Is excess precip + seepage yes Runoff = excess precip + seepage
enough to raise soil moisture ~ minus amount needed to bring the

to its upper limit?           soil moisture to its upper limit

no

Excess precip + seepage Deplete soil moisture ¯
is stored as soil moisture to its lower limit and    no Is the excess soil moisture

add applied water to ~ enough to satisfy the
satisfy the remaining        remaining ET demand?                ~
ET demand Iyes

Add applied water IIs soil moisture no
above the lower limit? ~ until the soil moisture

is at its lower limit
yes

I

I
No applied water is needed No applied water is needed

I
Figure 4-2. DICU Model (soil moisture bookkeeping)

I
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i DICU Model Input Data

Sources, annual trends and correlations of the following DICU model input data are

I discussed in this section:

¯ Land use

¯ Plant rooting depths
I ¯ Seepage

¯ Soil moisture
I ¯ Irrigation season

¯ Evapotranspiration

I ¯ Precipitation.

Land use. The DICU model depicts the Delta as 142 subareas. Some subareas

I coincide with islands, tracts, and reclamation and levee maintenance districts. The land use
of each subarea is assigned to 20 possible land use categories. Listed in Table 4-2 are the
categories used to assort Delta land areas and land use identification, which will be needed

I to read data in some of the tables in this report.

I Table 4-2. DICU Land Use Categories

Irrigated Crops Land Use ID Irrigated Crops Lond Use ID
I 1. Pasture PA 13. Non--irrigated Pasture PP

2. Alfalfa AL 14. Non-irrigated Vineyards VV

I 3. 15. Non-irrigated OrchardsField FI O0

4. Sugar Beets SB 16. Dry Grass DG

I 5. Grain GR 17. Water Sudaces WS

6. Rice RI 18. Native Vegetation NV

I 7. Truck TR 19. Riparian Vegetation RV

8. Tomato TO 20, Urban Land Use UR
9. Orchards OR

I 10. Vineyards Vl

11. Safflower SF

I 12. Corn CR

C--03291 9
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E~timatlon of Delta Island Diversions and Return Rows

Most of the categories in Table 4-2 are based on the DWR standard land use legend
(DWR Standard 1981). However, there may be some differences. For example, in the DWR
legend, pasture could include one or more of the following crops: alfalfa and alfalfa
mixtures, clover, mixed pasture, native pasture, induced high water native pasture, and turf
farms. However, in the DICU model, alfalfa is assigned a category of its own.

The acreage for each category is varied according to two water year types: critical
and non-critical. Critical water years are defined in the program as water years classified
as dry and critical according to the D1485 water year classifications (Water Right 1978).
Non-critical water years are those classified as below normal, above normal, and wet
according to the same classifications.

For water years classified as critical, acreage is based on 1977 land use surveys
performed by DWR, Central District. The 1977 surveys were the last surveys to encompass
the entire Delta Service Area in one year for which Delta subarea data are available.
Acreage for non-critical water years is based on a collection of surveys done in the late
1970s and early 1980s (Guivetchi 1993).

More land use data is provided in Figures 4-3 and 4-4 and Appendix C, Tables C-1
and C-2. Figure 4-3 shows crop acreage by percent distribution for non-critical and critical
water years, respectively, for the Delta as a whole. Figure 4-4 shows crop acreage by
percent distribution for non-critical and critical water years respectively, for a sample
subarea (Union Island, east). Tables C-1 and C-2 in Appendix C list the acreage for each
crop on each region for non-critical and critical water years, respectively. Figures 4-3 and
4-4 show that the Delta-wide land use distribution is similar between water years.
However, on an island-by-island basis, the land use changes significantly.

Rooting depths. Estimates of plant root depths are necessary to estimate the
quantity of water available for plant use that is held in the soil. The following definition is
used by land and water use analysts: "Root depths are defined as the near optimum extent
of rooting depth for a number of different plants within a major crop category at the height
of the growing season." (Consumptive Use Program 1979). Root depths used by the DICU
model are listed in Table 4-3 and are based on various land and water use analysts
(Documentation 1966; Consumptive Use Program 1991; De Rutte 1967; Kodani 1977). The
rooting depths in the Lowlands are smaller than those in the Uplands possibly because the
ground water table is higher in the Lowlands.

Seepage. The DICU model assumes that seepage from adjacent Delta channels that
is available to plants in the Lowlands is 0.3 inches per foot of crop rooting depth per month.
This value was determined from studies conducted to calibrate soil moisture storage by
adjusting the seepage (De Rutte 1967). The model assumes there is no seepage in the
Uplands.

The DICU model predicts that seepage used by plants in the Lowlands ranges from
300 to 500 cfs (based on model results over the period, 1922 - 1992). Results of studies
conducted in the 1950s and 1960s suggest that the total Lowlands seepage is between 635
cfs and 840 cfs (Salinity 1962; Owen and Nance 1962; Quantity 1956). The seepage estimate
of 840 cfs is based on seepage in the central part of the Lowlands which has higher seepage
than on the fringes (Quantity 1956). Results of studies conducted in the 1920s suggest that
seepage is about half of the total inflow to the islands (Variation 1931). The seepage
estimates from past studies suggest that the DICU model seepage estimate is too low.

I
C--032920

(3-032920
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DELTA

I NON-CRITICAL WATER YEARS

I klNll~

I

i o ~ 4~ ~ ~res~

I
CRITICAL WATER YEARS

I Drygrass ,.15%
Water |urface ~7.54

Non-irrigated orchards ,1%
Non-I~gated vineyards .01%I Non-Irrigated pasture .03%

Safflower ~:.’.’,.;<’~, I 4%
Vineyards ~ i t
C,r~ar~I lomeloei .............................. "

Truck

i Sugar beets ~4,2%
Field ~3.6%

Pasture

600°0 ~:;ros 8ooo°

I Figure 4-3. DICU Model Land Use for the Delta
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Estimation of Delta IMand Diver~on$ and Return Rows
I

UNION ISLAND

I

CRITICAL WATER YEARS¯
i -;i’o ~ " " :.~,       I ...........

Dry grass 0%
Wa~r surface ~.7%

Rip~mn vegetation .0~o/,,
Non-in, igated ~chards 0%
Non-Irrigated vineyards 0%                              1

Non-I~galed pasture 0%                                    !
Corn 31.2"/o

Rica :)% I i ,

F~e~d 0%

Figure 4-4. DICU Model Land Use for East Union Island I
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I Table 4-3. DICU Crop Rooting Depths

Crop Category Lowlands Uplands
I Pasture 2.0 2.0

Alfalfa 4.0 6.0

I Field 2.0 4.0
Sugar Beets 4.0 5.0

I Grain 2.0 4.0
Rice 1.0 2.0
Truck 4.0 5.0

I Tomatoes 4.0 5.0

Orchards 5.0 6.0

I Vineyards 4.0 5.0
Safflower 4.0 5.0

I Corn 3.0 4.0

Non-irrigated Pasture 2.0 2.0
Non-irrigated Vineyards 4.0 5.0

I Non-irrigated Orchards 5.0 6.0

Dry Grass 2.0 2.0

I Native Vegetation 2.5 2.0

I Soil Moisture. The quantity of soil moisture available to plants is normally
considered to be the amount of moisture held by the soil between field capacity and the

i permanent wilting point. Fine-textured soils generally have a greater available soil
moisture-holding capacity than coarse-textured soils. Accounting for soil moisture is
essential in estimating Delta consumptive use because organic soils with high water

I holding capacities cover a large portion of the Delta. It is common for the percent moisture
of Delta organic soils to be between 500 and 2,000 percent of dry weight (Owen & Nance
1962). In 1966, neutron probe measurements were collected in the Delta to estimate soil

I moisture. The following excerpt, taken from a DWR memorandum discusses the study
(Results 1976).

In August 1966, an office memorandum report was published by the
I Sacramento District entitled "Documentation Jointof Delta HydrologyMeetings~.

The report pointed out that until 1963, all the factors necessary for computing
lowlands CD [channel depletions] had been considered in detail except change inI soil moisturestorage.

In 1963 neutron probes were placed throughout the Delta to estimate the Delta

I lowlands volume change in soil moisture storage. The report presents the results
in graphical form for the period October 1963-November 1965.

I -23 -
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Estimation of Delta Island Diversions and Return Flows

Our studies were conducted by comparing computed amounts of volume
change in soil moisture with the measured amounts. Each computer run was
carried out for 12 water years (1955-1966). Some judgmental adjustments to the
programs’ lower soil moisture limits were made for various crop categories, but
only to the extent which seemed reasonable for current agricultural practices.

Listed in Table 4-4 are the soil moisture limits used by the DICU model that were
derived from the report discussed above. The reader should be aware that the soil moisture
limits are not physical properties of the soil for each month but are imposed by the DICU
model to reflect field observations of trends in soil moisture. A discussion on maximum and
minimum soil moisture levels follows.

Maximum Soil Moisture Limits. The maximum level of available soil moisture is
considered to be a direct function of the normal crop rooting depth and the
moisture-holding capacity of the soil (Consumptive Use Program 1979). The effective
moisture-holding capacity, that is, moisture available in the soil to most plants, varies from
a low of 3/4 of an inch per foot in coarse textured sandy soils to over 3 inches per foot in fine
textured clays. The DICU model estimates the maximum soil moisture level (soil at field
capacity) in the Lowlands, which contain mainly peat soils, to be 3 inches per foot rooting
depth. In the Uplands, which contain mainly sands and alluvial type soils, 1.5 inches is
used. These values are used by the model as upper limits to the amount of soil moisture
stored.

Minimum Soil Moisture Levels. Month-end minimum levels were established to
show, in a general way, the effect of summer irrigation on soil moisture. An irrigation
practice assumed to be employed in the Delta is the "mining" of stored soil moisture. Aft the
beginning of the irrigation season, the soil moisture is usually close to capacity; during the
season it falls until a small amount of water approaching a stress level (above wilting point)
is reached by the end of the season (Consumptive Use Program 1979). Figures 4--5 and 4-6
show graphically how the soil moisture limits are used by the model to simulate soil
moisture mining for various crops, which again, are based on field observations.

Irrigation Season. Table 4-4 also shows the limits of the irrigation season used by
the DICU model for critical and non-critical water year classifications. The irrigation
season used by the model for critical water years covers more fall and winter months
because the assumption is made that farmers divert water when precipitation is
insufficient to satisfy ET. In terms of the DICU model, this means that water is diverted for
ET purposes only during the irrigation season. During months that fall outside the
irrigation season, the model does not simulate diversions for ET purposes but it does for
maintaining the soil moisture lower limit.

Evapotranspiration. In 1981, USBR worked with DWR to reach mutually
agreeable Delta ET values (Joint 1981). USBR’s ET values incorporated the effects of
various atmospheric factors such as temperature, dew point, and solar radiation, while
DWR’s values were based on pan evaporation (Estimation 1976).

The fixed (long term average) ET values used by the DICU model (listed in Table
4-5) are a set of long-term monthly average crop ET estimates, most of which are based on
the values agreed on in 1981. The exceptions are the rice and safflower categories. The ET
estimates for rice are based on DWR’s estimates. The ET estimates for safflower are based
on a 1976-77 study documented in Bulletin 168 (Sacramento Valley 1968).

I
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£st~maflon of De/l’a Island Dtver~ions and Fletum Rows
I

PASTURE ORCHARD

I

ALFALFA VINEYARDS

FIELD

SUGAR BEETS CORN

!GRAIN NON-IRRIGATED PASTURE

tO~ .........
l

I

RICE NON-IRRIGATED VINEYARD ¯

,s TRUCK    ,    . NON-IRRIGATED ORCHARD
I

~ ::..,:’::~;:i .’: ": :i::i~!:".’:-.":::. ,~ :~.:: . ¯
:~" ::’!" "’ "": ’ I

TOMATOES

,, ’,’. UPPER LIMIT
!

""q ........ tOUR LIMIT
OCT’NOV’D~C’J~ ’ FEB’ MAR’ APR MAY JUN JUL’ AUG’

Figure 4-5. DICU Model Soft Moisture Limits for the Delta Lowlands I
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I ........................ Eetlmetion of Delta bl:nd Diversione and Return Flows

I PASTURE ORCHARD

I
[ ............:,.... ,.;.....’. ~:i~."-,.i,.’.~o~!-~-,.,--..’

. ’"’ i’ :" . ’

I ALFALFA VINEYARDS

I Figure 4-6. DICU Model Soil Moisture Limits for the Delta Uplands

I
C--032927

C-032927



Table 4-5. DICU Model Total Monthly Unit ET Per Crop
(~n inch.)

Crop Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep, Total
Pasture 2.80 1.40 0.60 0.70 1.50 2.70 4.10 5.50 6.40 7.60 6.60 4.80 44.7
Alfalfa 2.80 1.40 0.60 0.70 1.50 2.70 4.10 5.50 6.40 7.60 6.60 4.80 44.7
Field 1.10 1.10 0.60 0.70 1.50 1.70 1.60 2.60 5.50 7.30 4.90 2.20 30.8
Sugar Beets 2.30 1.10 0.60 0,70 1.50 1.70 1.30 3.20 6.00 7.90 6.60 4.80 37.7
Grain 1.00 1,10 0,60 0.70 1.50 2.70 4.60 5.00 2.20 1.00 1.00 1.00 22.4
Rice 1.90 1.40 0.60 0.70 1.50 2.10 2.10 6.40 8.20 9.70 8.40 5.40 48.4
Truck 1.00 1.10 0.60 0.70 1.50 1.60 1.30 3.20 6.40 8.30 5.50 1.70 32.9
Tomatoes 1.00 1.10 0.60 0.70 1.50 1.60 1.30 3.20 6.40 8.30 5.50 1.70 32.9
Omhards 2.50 1.20 0.60 0.70 1.50 1.70 2.70 4.90 5.90 ZOO 6.10 4.40 39.2
Vineyards 1.10 1.10 0.60 0.70 1.50 1.70 1.50 3.60 4.90 6.40 5.30 3.60 32.0
Safflower 1.90 1.50 1.00 0.70 1.50 1.90 2.50 4.80 8.70 7.70 4.40 2.50 39.1
Corn 1.10 1.10 0.60 0.70 1.50 1.70 1,60 2.60 5.50 7.30 4,90 2.20 30.8
Non-irrigated
Pasture 2.80 1.40 0.60 0.70 1.50 2.70 4.10 5.50 6,40 7.60 6.60 4.80 44.7
Non-irrigated
Vineyards 1.10 1.10 0.60 0.70 1.50 1.70 1.50 3.60 4.90 6.40 5.30 3.60 32.0
Non-irrigated
Orchards 2.50 1.20 0.60 0.70 1.50 1.70 2.70 4.90 5.90 7.00 6.10 4.40 39.2
Dry Grain 1.00 1.10 0.60 0.70 1.50 2.70 4.60 5.00 2,20 1.00 1.00 1.00 22,4
Native
Vegetation 2.80 1.40 0.60 0.70 1.50 2.70 4.10 5.50 6.40 7.60 6.60 4.80 44.7
Riparian
Vegetation 3.70 1.70 0.90 1.00 1.90 3.40 5.10 6.90 7.90 9.00 8.00 5.90 55.4
Water
Surface 3.70 1.70 0.90 1.00 1.90 3.40 5.10 6.90 7.90 9.00 8.00 5.90 55.4

The fixed long term average ET values are adjusted using monthly averaged pan
evaporation data. The adjustment using pan evaporation data is based on the assumption
that monthly crop ET values will vary at the same rate as monthly pan evaporation. The
equation used to adjust the fixed ET values follows:

long term average    pan evaporation(month, yr)
ET(crop, month, yr) = ET(crop, month) x    long term average (4-1)

pan evaporation(month)

I
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The following excerpt from a 1985 memorandum gives details of the adjustment (ET
I     1985).

The purpose of this activity was to provide factors for the months October 1955

I through September 1984 which can be used to determine monthly variations in
crop ET values which reflect actual conditions needed for the Delta Channel
Depletion Program model. To do this it was assumed that monthly crop ET values
would vary at the same rate as monthly pan evaporation; therefore, pan
evaporation figures could be used to develop the factors. It would have been
desirable to have an evaporation pan site located in an irrigated grass area with
a data record of which encompassed all of the time period used for the model. No
one site in the Delta or near the Delta fulfilled these criteria. Therefore, two sites
located at U.C. Davis were used: Davis Hydromet and Davis 2WSW. It was
assumed that the U.C. Davis sites are near enough to the Delta to be
representative of the percentage variations in evaporation in the Delta even
though the magnitude of evaporation might be different.

Data from the two Davis sites were used to calculate long term average monthly pan
evaporation. For water years 1922 through 1955, pan evaporation data is not available and
therefore the pan evaporation for those years is based on the average pan evaporation of all
the water year types in the period 1956 to 1984 (Guivetchi 1993).

Precipitation. Precipitation for each of the 142 sub-areas is determined by
weighting the precipitation of seven Delta stations using the Theissen Polygon
interpolation routine. The seven precipitation stations used by the interpolation routine are
at Davis, Rio Vista, Stockton, Lodi, Galt, Tracy-Carbona, and Brentwood shown in Figure
4-7. For sub-areas spanning two or more polygons, the precipitation is determined
proportionally by area. example, a region percent areaFor if has 60 o fits in theGalt
polygon and 40 percent in the Lodi polygon, then the precipitation for that region is 60
percent of the Galt station precipitation plus 40 percent of the Lodi precipitation station.

l Precipitation data for the stations are compiled in the National Oceanic Atmospheric
Administration (NOAA) annual climatological data summaries for California. NOAA data
are provided through the California Data Exchange Center. Figure 4-8 shows a sample set
of annual precipitation data.

Missing data are resolved by using correlations with other stations. For example, the
Brentwood station was discontinued in 1987; therefore, the precipitation at that location is
estimated using precipitation from the ~racy station. The ratio of Brentwood precipitation
to ~racy precipitation based on the long-term average annual precipitation is 1.37.

I Since the DICU model runs on a monthly time-step, the assumption is made that
the total precipitation for a month is available to the plants for that month. This means
that even if it rained on the last day of a month, the rainfall would be available to satisfy
crop ET demands for the entire month.

I
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Figure 4-7. Precipitation Stations and Theissen Polygon Boundaries I
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Chapter 5
The Subarea to Node Allocation Program

DIeU model resulN are generated for 14~. subareas. For t~s infor~lrion ~ b~ used
as input to the DWRDSM model, irrigation diversions and returns need to be spatially
distributed to DWRDSM nodes. The subarea to node allocation FORTRAN program
(NODCU) was developed in 1988 to determine irrigation diversion and drainage volumes,
assign drainage salinity concentrations for each subarea, and allocate volumes and
concentrations to DWRDSM nodes (NODCU 1988). The program utilizes equations 2-2 and
2-3 and the following information:

. DICU subarea results

. Lowlands leaching volumes and monthly schedule

, Irrigation efficiency

. Subarea to no~le allocation factors for diversions and returns

. DWR Bulletin 123 drainage salinity concentrations.

Input data needed by the program are discussed below.

i ICU Output

Precipitation, seepage, applied water, and total consumptive use for each subarea
are generated by the DICU model discussed in Chapter 4. DICU output files are read
directly by the node allocation program.

Lowlands Volumes and ScheduleLeaching

In the Delta Lowlands, salts leach from the root zone periodically by heavy
of water the winter months, be observed arealapplications over Leaching practices can by

observations. Leach water estimates used by the node allocation program are based on
areal surveys done by DWR Central District. Appendix D contains a description of the

undertaken to determine the of the in the Delta (Jointstudy magnitude leaching practices
1981).

Based on the leach water estimates discussed above, the DICU leach water schedule
for each subarea in the Delta Lowlands was determined. For each month, the total Delta
Lowlands leach water applied or drained was distributed proportionally by area to each
subarea. For example, subarea 1 (Union Island, east) contains 3.6 percent of the total area
in the Lowlands. Therefore, in October, the leach water applied to that subarea is 3.6
percent of 11,200 acre-feet or 291 acre-feet. The leach water flows, applied to and drained
from each of the 142 subareas, are listed in Table 5-1. Upland subareas are not assigned
leach water flows.
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E~ttm#tton of Deltn Island Diversions snd Return Flows i

Table 5-1. Schedule of Leach Water Application and Drainage

OCT. NOV DEC JAN FEB MAR APR MA¥,A.~JULAUGSEP ~a ~T ~ DEC ~    ~ ~R

0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0

~ ~7 6~ ~1 ~ .1~ -I) 0 0 O 0 0 81 0 0 O 0 0

~ ~ t~ -174 ~I ~ -3 0 0 0 0 0 ~ 0 0 0 0 0
~ ~ ~ .112 -~ -~ .2 0 0 0 0 0 ~ 0 0 0 0 0

~41 ~ ~ -~ -197 -~ ~ 0 0 0 0 0 ~ O 0 0 0 0
0 0 0 0 0 0 0 0 0 0 o 0 ~ 0 0 0 0 0

I0 16 24 ,~ .14 .? .I 0 0 0 0 0 ~ 0 0 0 0 0

~ M ~ -t03 .~ .~ -2 0 0 0 0 0 ~ t 2 ~ ~ -2
3 S 7 ~ ~ .2 0 0 0 0 0 0 ~ 17 24 ~ ~ ~4

1~ ~7 ~I ~4 .~s -slo *s o o o o o Io~ 0 o o 0 0

161 ~ ~ ~2 .~S .tD7 -9 0 O 0 O 0 I~ 0 0 0 0 0

lS? ~s 371 ~I -219 -1~ ~ 0 0 0 0 0 I~ 9 12 ~ ~ -12
~ 119 197 .~4 -117 .~ ~ 0 0 0 0 0 1~ 0 0 0 0 0

0 0 0 O 0 0 O 0 0 0 0 0 !~ ~ ~1 ~1 .M ~

17 12S ~6 .~4 -1~ -~ -S 0 0 0 O 0 114 ~ 3 6 *S -3

0 0 0 0 O O 0 0 0 O 0 0 11~ 47 67 110 .125 ~
0 0 0 0 0 0 0 0 O 0 O 0 117 ~ M ~ -71 .37

~ I0S 173 -197 .102 .~ .4 0 0 0 0 0 121 1~ 214 ~4 -~2 -~

~ ISS ~6 -~ .1~I -~ -~ 0 0 0 0 0 I~ 0 0 0 0 0

125 178 ~4 -~4 -I74 ~ .7 0 0 0 .0 0 128 0 0 0 0 0
~ ~ 147 .1~7 -87 .41 .~ 0 0 0 0 0 1~ 147 210 ~7 ~5 -~5
I~ 244 ~2 ~7 *~7 .113 4 0 0 0 0 0 1~ 0 0 0 0 0

16S ~S ~7 -~6 .~8 .122 .10 0 0 0 0 0 1~ O 0 0 0 0
~ ~ ~ -~2 -~ -~ -2 0 0 0 0 0 t~ 0 0 0 0 0
~ 9~. tS~ .t?z ~ .~ ~ 0 0 0 0 0 t~S 0 0 0 0 0
~ 135 ~ -~3 .~3~ ~ -S 0 0 0 0 0 t~ 0 0 0 0 O

135 192 317 -~1 -187 ~9 .7 0 0 0 0 0 1~7 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 1~ 19 27 ~ .~

~ ~ 125 -142 .74 .~ -3 0 0 0 0 0 139 2 2 4 -5 .2
175 249 4t2 -~8 .243 .115 -9 0 0 0 0 0 I~ 0 0 0 0 0
11s 15~ ~1 .~7 .154 .~ -~ 0 0 0 0 0 ~41 0 0 0 0 0

0 0 0 0 0 0 0 0 0 O 0 0 142 0 0 0 0 0

I
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~t~atlon of Delta Island D~erslons and F~turn Flows

Farm Irrigation Efficiency! The irrigation efficiency is a measure of the irrigation requirement compared to the
total applied water. To estimate drainage flows, the efficien.cy of irrigation practices is

I required. Land and water use analysts working at DWR Central District estimate Delta
farm irrigation methods to be 70 percent efficient over the irrigation season (Sate 1985).
That value is used for all subareas.

i
Subarea to Node Allocation Factors

I There are about 1,800 agricultural diversion sites and 232 return sites in the Delta
as shown in Figures 5-1 and 5-2 (Sacramento-~an Joaquin Delta Atlas 1993). Diversions
at the sites are made using pumps, siphons, and floodgates. Drainage flows are returned to

I the channels using pumps. To represent the spatial distribution of agricultural diversion
and return sites, the flows for 142 subareas were assigned to DWRDSM nodes. Figures 5-3
and 5-4, respectively, show the DWRDSM nodes that are assigned diversion and return
flows. Diversions are assigned at approximately 250 nodes and drainage flows at
approximately 200 nodes.

Once the diversion and drainage flows associated with each subarea are determined,I the node allocation program allocates them to DWRDSM nodes based on predefined
allocation factors. The factors indicate the percentage of subarea water diverted and

i drained in the proximity of a DWRDSM node. The allocation factors were determined
originally for the DWR/RMA Hydrodynamics Model. Later, the allocation factors were
converted to match the DWRDSM node network. The factors are based on a 1987 field

i inventory of irrigation siphons and drainage pumps (Irrigation 1988). For illustration,
typical irrigation facilities found in Clifton Court Forebay USGS Quadrangle are shown in
Figure 5-5. For example, Coney Island (subarea 132) houses siphons, diversion pumps,

i floodgates, and drainage pumps. Appendix E contains a memorandum giving more details
about how the allocation factors were determined from Delta quad sheets such as the one
shown in Figure 5-5.

I The allocation factors are applied to each subarea to spatially distribute diversion
and drainage flows through the use of the node allocation program. Figure 1-2 shows the
DWRDSM nodes (junctions) surrounding Coney Island and Table 5-2 shows how flows are

i . apportioned to those nodes.

Diversion and drainage allocation factors for all the subareas are listed in Appendix

i C, Tables C-3 and C-4, respectively.
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Figure ~1. Irrigation Diversions
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I Figure 5-2. Agricultural Drainage Returns
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F~ttmatlon of Delt~ I#land Diversions and Return Row$
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Figure 5-3. DWRDSM, Location of Agricultural Diversions
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Estimation of Della Island Diversions and !~um Flows
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Figure 5-4. DWRDSM, Location of Agricultural Returns
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IEstimation of Delta Island Diversions an~t, Return Flows ........

I

Figure 5-5. Sample Map Showing Location of Siphons, Pumps,
IFloodgates, and Drainage Pumps
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Table 5-2. Diversion and Drainage Distribution to DWRDSM
Model Nodes for Coney Island (subarea 132)

Node Percent Diversion Percent Drainage
72 8.94 0.00
73 11.17 0.00
74 11.17 0.00
75 5.59 0.00
182 22.38 0.00
183 11.73 0.00
187 22.32 0.00
192 6.70 100.00
Total 100.00 100.00

An output file from the node allocation program, which is read directly by the
DWRDSM model, is shown in Table 5-3. The first column shows the node number and the
second and third columns list the drainage and diversion flows (in cfs), respectively,
associated with that node. The file represents flows calculated for October of water year
1992. A database containing similar files was generated for water years 1922 through 1992.
Table 5-4 shows Delta-wide net channel estimates (in cfs) calculated from all ofdepletion
the files. Recall (from Chapter 2) that net Delta channel depletions are defined as Delta
diversions minus Delta returns. Negative numbers represent net returns.

Drainage Salinity Concentrations

The node allocation also assigns monthly salinity concentration to allprogram a

return flows based on a 1954-55 study (Delta and Suisun 1967; Quantity 1956). Table 5-5
lists average seasonal quantities of Delta agricultural drainage for three Delta regions :
North, West, and Southeast. Figure 5-6 shows the threeThe monthly load of totalregions.
dissolved solids (TDS) and chlorides (CL) shown in the table were used to assign drainage
salinity concentration to DWRDSM nodal drainage flows by using the flows given in the
table and the load to calculate concentrations in for eachdrainage monthlydrainage mg]l

region.

For nodes that fall on the boundaries of two or three regions, the quality of the
drainage flow to the node is weighted by flows. Therefore, nodal drainage values for return
flows do not vary annually except for the nodes that lie on boundaries. Tables 5-6 and 5-7
show output files from the node allocation program that are read directly by the DWRDSM
model. Table 5-6 contains nodal drainage salinity concentrations in TDS and Table 5-7
lists them in CL. The first column of each table shows the node number and the second and
third columns list the drainage salinity concentration (in mg/l) and return flow (in cfs),
respectively. These two tables represent flows and qualities calculated for October of water
year 1992. A database containing similar files was generated for water years 1922 through
1992.
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F.sttmatlon of De~ I~l, m~d Diwrslons and Return Flows

Table 5-3. Drainage and Diversion Flows for DWRDSM Nodes, pag~2of2

NOD~ DI~J~ D/*V ~OD~ DI~N DZ~ MOD~ D~N DI’V

239 0.00 0.00 316 2.04 32.13 438 0.00 0.00
240 0.03 5.77 317 0.08 8.72 440 0.00 0.00
241 0.64 7.53 31| 9.96 22.69 441 0.00 0.00
242 0.19 8.88 319 2.58 14.35 443 0.00 0.00
243 0.08 3.59 320 3.70 29.22 445 0.00 0.00
244 0.00 0~00 321 1.18 7.90 446 0.00 0.00
245 0.I8 3.65 322 0.00 0,00 447 0.00 0.00
246 0.43 9.98 323 0.00 0.00 448 0.00 0.00
247 0.03 5.01 324 0.00 0.00 449 0.00 0.00
248 0.00 0.00 325 0.00 0.00 431 0.00 0.00
249 0.00 0.00 326 0.|5 3.39 452 0.00 0.00
250 0.09 3.69 327 0.00 0.00 453 0.00 0.00
251 1.08 3.02 328 0.00 0.00 454 0.00 0.00
252 0.00 0.00 329 0.00 0.00 455 0.00 0.00
253 1.46 18.62 330 0.13 0.99 456 0.00 0.00
254 0.00 0.00 331 0.13 8.89 457 0.00 0.00
255 0.00 0.07 332 0.41 8.95
256 0.00 O.?S 333 1,50 4.01
257 0.13 10.52 334 0.99 14.12
258 0.00 0.00 335 11.06 $.S0
259 0.00 0.00 336 0.37 44.16
260 0.00 6.34 337 2.96 3.12
261 0.00 0.00 338 0.00 S.85
262 0.02 7.0S 339 0.00 7.28
263 0.00 0.00 340 0.00 T.TS
264 0.03 4.01 341 0.00 7.78
265 0.00 0.00 342 0.08 3.71
266 0.17 |.05 343 0.00 2.13
26? 0.00 0.00 344 0.03 8.18
268 0.09 6.56 345 0.00 0.00
269 0.48 1.19 346 0.00 2.68
270 0.00 0.00 34? 0.00 3.59
271 0.01 6.99 348 0.01 4.24
272 0.00 0.00 349 0.00 0.00
273 0.00 0.00 350 0.97 I1.86
274 0.19 2.08 351 0.48 5.59
275 0.00 0.00 352 1.40 8.25
276 1.89 2.56 353 0.04 3.90
277 0.00 0.00 354 0.43 10.38
278 0.26 10.43 355 0.48 9.15
279 0.00 0.00 336 0.00 0.00
280 0.66 1.01 357 0.00 0.00
251 0.00 0.00 398 0.00 0.00
282 0.00 2.85 ,359 0.00 0.00
283 0.00 0.00 360 0.00 0.00
284 0.00 3,68 361 0.00 0.00
285 0.00 0.00 362 0.00 0.00
286 0.01 4.10 363 0.00 0.00
28? 0.00 0.00 364 0.00 0.00
288 0.00 2,69 365 0.00 0.00
289 0.00 0.00 365 0.00 0o00
290 0.01 3.00 387 0.00 0.00
291 0.00 0.00 368 ’ 0.00 0,00
292 O. 01 3.77 371 0.00 0.00
293 0.00 0.00 372 0.00 0.00
294 0.03 4.84 3?3 0.00 0.00
295 0.00 0.00 374 0.00 0.00
296 0.00 2.36 375 0.00 0.00
297 0.00 4.85 376 0.00 0.00
298 2.66 5.05 377 0.00 0.00
299 0.09 2.45 378 0.00 0.00
300 0.00 0.00 379 0.00 0.00
301 0.14 2.55 380 0.00 0.00
302 0.13 4.78 381 0.00 0.00
303 0.01 3.84 382 0.00 0.00
304 0.13 7.15 383 0.00 0.00
305 0.14 7.32 384 0.00 0.00
306 0.19 $.05 305 0.00 0.00
307 0.36 3.70 386 0.00 0.00
308 0.39 1.55 387 0.00 0.00
309 0.00 0.00 388 0.00 0.00
310 2.01 0.00 389 0.00 0.00
311 0.36 2.06 390 0.00 0.00
312 0.14 0.61 391 0,00 0.00
313 0.00 0.00 392 0.00 0.00
314 4.41 15.88 393 0.00 0.00
315 0.14 0,13 394 0.00 0.00
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Estim#t/on of Delt~ Island Diversions nnd Return Flows
I

Table 5-4. Monthly Total Delta-wide Net Channel Depletions
I

Derived f=o~ DWR Dell& ~slend Consumptive Use study 10/14/92
1991 April to September sd~usted due to w&te: bs]~k£ng (318 TAF)

22 1378. ?52 424. -1250. -2878. 353. 1244. 2809. 3498. 3900. 2657. 264~.
23 1147. ?01 -1559. -1602.    239. ’924. ~91. 2293. 3420. 4249. 2828. 1438.
24 1300. 979 ~36. 51.    369, 2554. 2323. 311~. 4950. 4757. 2754. 1769.
25 1159. 758 286. -461. -2420, 333. 463. 1882. 3420. 3798 2655. 1661,
26 1302. 858 896. -330. -1651. 1066. 105. 2487. 3810. 44?3. 2995. 1816.
2? 981. 342 760. -1083, -311~. 388. 633, 2242. 3040. 4249. 2897. ~813.
28 10~8. 672. 525. -455. -11. -851. 1178. 2931. 3772. 3800. 2657. 2667.
25 138~. 706. 598 -141. 333, 1180. 2032. 3065. 3~55. 4758. 2?54. 1774.
30 1329. ~52. 831 -686. -667. -217. 1412. 2255. 3495. 4249. 2800. 1564.
31 1153. 8?0. 2018 -288. 78, 1382. 2251. 2S10. 4514. 4758. 2752. 1~73.
32 1280. 78?. -2221 -830. -1767. 844. 1614. 2265. 3500. 4245. 2828. 1628.
33 14~3. 1040. 867 -653. 447, 899. 2204. 2667. 4846. 4758. 2754. 1763.
34 2242. 1037. 613 -84. -902. 1429. 2272. 2889. 4622. 4758. 2754. 2648.
35 1446. 662. 619 -1881. I72. -885. -3S8. 2628. 3795. 3?98. 2657. 1658.
36 1305. 821. 83~ -1002, -4275. 461. 1082. 2713. 3435. 3788. 2656. 1581.
37 1200. 949. 745 -544. -2739. -3072. 2408. 2309. 3499. 4246. 2828. 1629.
38 1128. ?25. 65 -I172. -5476. -2054. 890. 2242. 3253. 4249. 289?. 1738.
39 2110. 545. ~40, -1. 390. 1273. 218~. 2804. 469~. 4757. 2?54. 2712.
40 2092. 891. 859. -2646. -4639. -1233. 991. 2207. 3230. 4248. 2897. 1765.
41 2200. 849. -1476. -3466. -2994. -S18. -217. 1858. 3226. 4249. 2897. 2826.
42 2040. ~8). 84. -3083. -938. 226. -550. ~7~2. 3093. 4245. 2897. 1794.
43 1108. 653 622. -2?33. -425. ~866. 819, 2=32. 3234. 4248. 2857 1816.
44 1267. 891 883, -229. -1462. 835. 1229. 23?3. 3S75. 4473. 2857 ~813.
45 1125. 654 596. -207. -2282. -469. 1705. 2172. 3550. 4248. 2828 1629.
46 2086. ?71 -4?9. -255. 234. 455. 148~. 2844. 3793. 3794. 265? 1654.
4? 1282, 71~ ?72. -103. 185. 507. 1752. 2885. 3713. 4462. 2887 1820.
48 10~?. 811 839 32. 489. 4?2. 722. 2168. 3413. 3800. 265? 1650,
49 1161. ~22 689 -220. 218. -429. 1727. 2775. 3923. 4449. 28?7 1785.
50 1329. 882 857 -538. -313. 495. 1620. 2395. 3481. 4247. 2828 1452.
51 877. 238 -16~5 -2087. -662. 345. 1204. 2235. 3151. 4249. 2892 1798.
52 1024. 683 -913 -4730. -130. -975. 899. 2201, 3222. 4243. 2887 1808.
53 1248. 72~ -554 -2253. 423. 760. 8?0. 2307. 2985. 4249. 2866. 2816.
54 1511. ?SS. ~26, -147. ?4. 406. 1008. 2985. 3691. 3800. 2636. 16~7.
85 2333. ?73. 456 -1484. 266. 801. 1009. 2363. 3723. 4473. 2897. 1~22.
56 1308. 83?. -242? -4?58. 207. 1192. 815. 2102. 3178. 4204. 2863. 1449.
57 2051. 972. S71 --69. --243. 461. 1326. 1049, 3332. 4562. 2865, 1449.
58 782. 951. 706 -2307. -5537. --2527. --883. 1618. 2759. 3932. 3221. 2882.
55 1440. gSS. ~61 -27g. -643. 1397. 2222. 3252. 4082. 4562. 2826. 2158.
60 1603 979. g71 -166. 94. 938. 1625. 2801. 4028. 4644. 2794.
61 2490 588. 883. -2201. 341. 37S. 1353. 223i. 3325. 4383. 2766. 1512.
62. 1405 ???. 884. -59, -3380. 272. 1543. 2334. 3337. 3884. 2653. 1388,
83 185 822. 258. -2061. -1175. -788. -2423. 1433. 3265. 4024. 2452. 2274.
64 8?0 487. 747. -1379, 622. 1220. 2223. 3057. 2820. 4239, 2889. 1802.
65 513 668. -1000. -208~. 43? S?S. 323. 2305. 3022. 4080, 2321. 1647.
66 2222 555. -15. -1008. -148 863. 2835. 2629. 3403. 3764. 2995. 1636.
6? 1302. 3?0, -659, -5104. 165 -1382. -15230 I711. 2270. 4104, 2828, 1658.
68 12~?. 814, 536. -5?5. -42~ 65. 1839. 2304. 3894. 4473. 2234, 1962.
69 2101. 721. 298. -485~, -3932 477, 2139. 2679. 3054. 4293. 2931. 1535.
?0 1130. 831. 285. -4119. -224 921. 2660. 3195. 3023. 4338. 2?60, 2927.
71 1137. 58. -1691. -490. 407 489. 2310. 2677. 2788. 4337. 2965. 1875.
?2 1259. ~14. 650, -97. 255 1461. 1830. 2815. 33?2. 4~3. 2931. 2365.
?3 ?44. -483. -202. -5302. -3505 -346. 2769. 28?5. 3548. 4114. 289~. 1787.
74 870. 366. -942. -1359. 367 -959. 742. 2278. 3989. 407~. 3271. 2039.
?5 1333. 846. 800. -29. -1257 -1095. 2032. 2978, 3764. 3728. 2465. 2666.
?6 849. 101~. 1011. 380. 966, 2235. 2020. 4238. 5?23. 5051. 2177. 1437.
?? I256. 853, 946. ?. 588. 15S9. 24?6. 1345. 3993. 4499. 2539. 1610.
?8 126~. 815. 540. -4488. -21~7. -2460, 46. 2208. 3405. 4204. 3068. 1693.
79 1386. 820. 1006. -1092, -209~. -199. 85~. 2480. 4210. 4414. 2931. 1946.
80 8?2. ??5. 105. -2629. -3888. S0~. 1125. 2069. 308?. 4118. 2828. 1629.
81 1229. 946. 866. -737. 363, -164. 2520. 2922. 4874. 4786. 3000. 1778.
82 918. 260. -4?3. -4230. -386. -3306. 75. 2655. 3163. 4110. 2863. 1290.
83 964. -662. -SSl. -4?54. -3980. -5521. -185, 1940. 3524. 4518. 30~8. 1736.
84 1154, 156. -lgg0. -96. -162. 2040. 2838. 3427. 4105. 4742. 3150, 2424.
85 986. 158. 365. -470. 107. -184. 1573. 2769. 3767. 4473. 2896, 1694.
8~ 1118. 545. 388. -1524. -6154. -1827. 928. 2211. 3239. 4241. 2897. 1588.
8? 1383. 1065, ~37. 55. -65, S01. 2040. 3007. 4748. 4758. 2754. 1774.
88 10~6. ?49. 339. -1446. 483. 1660. 12~9. 2337. 3549. 5262, 3529. 2048.
8~ 1260. ?46. ?66. -64. 167. -322. 1535. 2628. 3~26. 5161. 3104. 802.
90 892. ?22. 888. -4?2. -527. 1050. 1754. 2215. 4243. $212, 3381. 2101.
91 150~. 1101, 915, o 228. 521. -8?3. 1109. 1740. 2135. 3512. 2211. 1328.
92 842. 971. 891. -59. -1995. -732. 1068. 2241. 3154. 4185. 2901, 1489.
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Table 5-5. Bulletin 123 Average SeasonaJ Quantities of Delta Agricultural Drainage, 1964
(source: Delta 1967)

QUANTITIES IN 1,000 POUND~3 PER DAY
DELTA AREA                      JAN           FEB          MAR           AP~          MAY            JUN            JUL          AUG           SEP           OCT          NOV           DEC

NORTHERN
Flow (cfs) 330 190 160 180 230 340 460 380 190 140 220 340
TDS 1530 930 680 600 520 330 490 500 340 460 710 1520
CI 490 300 220 200 150 70 170 140 70 130 200 500
BOD 9.0 5.9 4.5 4.1 4,7 5.7 6.2 4.6 2.7 3.0 4.9 8.8
N 7.8 4.9 3.5 3.0 2,5 1.5 3.0 2.3 2.2 2.1 4.5 7.9

WESTERN
Flow (cfs) 260 120 120 160 120 160 180 160 110 100 130 240
TDS 1250 680 680 830 420 390 540 580 320 310 340 1030
CI 480 240 230 280 150 150 260 250 130 120 100 370
BOD 7.2 3.7 3.6 3.6 2.5 3.6 2.4 1.9 1.6 2.1 3,3 6.2
N 6.8 3.5 3.6 3,8 2.2 2.0 2.3 2.5 1.5 1.7 2.7 4.9

SOUTHEASTERN
Row (cfs) 1000 380 260 280 470 660 700 660 410 270 420 840
TDS 4640 1960 1410 1540 2180 2420 2540 3050 2220 1760 3200 3780
CI 1560 660 0 520 740 810 950 990 690 560 980 1270
BOD 41.8 16.8 10.8 10.7 15.3 18.1 15.6 13.2 10.6 11.4 9.9 26.3
N 23.8 10.2 7.3 7.9 11.4 11.7 13.3 7.8 7.6 5.8 7.4 19.6

TOTALS
Row (cfs) 1590 690 540 620 820 1160 1340 1200 710 510 770 1420
TDS 7420 3570 2770 2970 3120 3140 3570 4130 2880 2530 4250 6330
CI 2530 1200 930 1000 1040 1030 1380 1380 890 810 1280 2140
BOD 58.0 26.4 18.9 18.4 22.5 27.4 24.2 19.7 14.9 16.5 18.1 41.3
N 38.4 18.6 14.4 14.7 16.1 15.2 - 18.6 12.6 11.3 9.6 14.6 32.4



Estimation of Delta Island Diversions and Return Flow~ i

Figure 5-.6. Bulletin 123 Regions

- 46 -

C--032946
(3-032946





~nd Diversions and Reh

Table ~. DWRDSM Nodal Drainage TDS Goncentration and Return Flow,

NOD~ HGI~ C~’S NOD~ HGIL �:~’S NOD~

239 0. 0.00 316 60~. ~.04 3~5 0. 0.00
240 602, 0.03 317 409. 0.98 39? O. 0.00
241 1209. 0.64 319 60). 9.96 398 O. 0.00
242 1209, 0.19 319 809. 2.58 399 O. 0.00
243 1209. 0.08 320 609. 3.70 401 O. 0.00
244 9. 0.00 322 609. 1.18 402 ~. 0.00
245 1209. 0.18 322 O. 0.00 403 O. 0.00
246 1209. 0.45 323 O. 0.00 408 O. 0.00
24? 2209. 0.03 324 O. 0.00 408 O. 0.00
248 O. 0,00 325 O. 0.00 409 O. 0.00
249 O. 0,00 326 609. 0.8S 410 O. 0.00
250 609. 0,09 327 O. 0.00 412 O. 0.00
251 1034. 1.08 328 O. 0.00 413 O. 0.00
252 0. 0.00 329 0. 0.00 418 0. 0.00
253 609. 1.46 330 609. 0.13 420 O. 0.00
254 O. 0.00 331 609. 0.13 421 O. 0.00
255 O. 0.00 332 609. 0.41 422 O. 0.00
256 O. 0.00 333 609. 1.50 425 O. 0.00
25? 609. 0.13 334 409. 0.99 428 O. 0.00
258 O. 0.00 335 609. 11.06 433
259 O. 0.00 336 809. 0.3~ 434 O.        0,00
260 609. 0.00 337 609. 2.86 436 O. 0.00
251 O. 0.00 33B O. 0.00 438 O.
262 609. 0.02 339 O. 0.00 440 O. 0.00
263 O. 0.00 340 O. 0.00 441 O. 0.00
264 609. 0.03 341 O. 0.00 443 O. 0.00
265 O. 0.00 342 609. 0.08 445 O. 0.00
266 609. 0,~ 343 O. 0.00 446 0, 0.00
26? O. 0.00 344 809. 0.03 44? O. 0.00
268 609. O.OS 345 O. 0.00 448 O. 0.00
26) 609. 0.48 346 O. 0.00 449 O. 0,00
2?0 O. 0.00 34~ O. 0.00 451 O. 0,00
271 609. 0.01 348 60~. 0.0~ 452 O. 0.00
2~2 O. 0.00 349 O. 0.00 453 O. 0.00
2?3 O. 0.00 350 609. 0.~ 4S4 O. 0.00
2?4 609. 0.19 351 809. 0.48 455 O. 0.00
2~5 O, 0.00 352 609. 1.40 456 O. 0.00
2?6 609. 1.8~ 333 5?5. 0.04 457 O. 0.00
277 O. 0.00 354 57S. 0,48
278 609. 0.26 355 575. 0.48
¯ 79 O. 0.00 356 O. 0.00
280 609. 0.65 35? O. 0.00
281 O. 0.00 358 O. 0.00
282 609. 0.00 35) O. 0.00
283 O. 0.00 360 O. 0.00
284 O. 0.00 361 O. 0.00
285 O. 0.00 362 O. 0.00
286 609. 0.01 363 O. 0.00
28~ O. 0.00 364 O. 0.00
288 O. 0.00 36S O. 0.00
289 O. 0.00 366 O. 0.00
290 609. 0.0I 36? O. 0.00
291 O. 0.00 368 O. 0.00
292 609. 0.01 371 O. 0.00
293 0. 0.00 3?2 0. 0.00
294 60). 0.03 3?3 O. 0.00
295 O. 0.00 374 O. 0.00
295 O. 0.00 3?5 O. 0.00
29? O. 0.00 3?6 O. 0.00
298 609. 2.65 3?? O. 0.00
299 609. 0.09 3?8 O. 0.00
300 O. 0.00 3?9 O. 0.00
301 609. 0.14 380 O. 0.00
302 609. 0.13 381 O. 0.00
303 609. 0.01 382 0. 0.00
304 60~. 0.13 383 O. 0.00
305 609. 0.14 384 O. 0.00
306 609. 0.19 385 O. 0.00
30? 60~. 0.36 386 O. 0.00
308 609. 0.39 383 O. O.O0
309 O. 0.00 388 O. 0.00
310 60~. 2.01 389 O. 0.00
311 609. 0.36 390 O. 0.00
312 609. 0.14 391 O. 0.00
313 O. 0.00 3~2 O. O.OD
314 609. 4.41 393 O. 0.00
315 60~. 0.14 394 O. 0.00
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Chapter 6
Consumptive Use Adjustment Program

I Reservoir operations studies are conducted by the Division of Planning using the
DWR Planning Simulation Model (DWRSIM). The DWRSIM model takes into account
projected water demands based on future levels of development. DWRSIM outputs Delta

I inflows, exports, and consumptive use among other values. DWRSIM accounts for only two
regions in the Delta (Uplands and Lowlands) with the CU Model (see Chapter 3).

The monthly Delta NCD values output by DWRSIM need to be spatially allocated to
DWRDSM nodes in order model Delta and for scenariosto hydrodynamics waterquality
involving future levels of development. Therefore, a consumptive use adjustment
FORTRAN program (FDMCUA) was developed to adjust estimates of historic monthlyI DWRDSM nodal NCD allocations derived from the DICU model totheyield same
Delta-wide NCD used in DWRSIM simulations (FDMCUA 1989).

I As documented in the program, the adjustment is used to achieve a user-specified
Delta-wide net channel depletion while approximately retaining the historic nodal
allocation scheme and proportions. The consumptive use adjustment program is mainly
used for planning studies. However the program is also used for historic simulations when
a NCD value different from that derived by the DICU model is desired. Table C-5 in
Appendix C shows an output file from the consumPtive use adjustment program. The

I ~ormat of the file is the same as the diversion and return files output from the node
allocation program. In the header, it is apparent that the values have been adjusted to
match values in a DWRSIM study. A database for each level of development has been

I created. Each time NCD values used by the DWRSIM model are created, a database of files
with matching NCD values is created for the same period the DWRSIM hydrology covers
(currently 1922 through 1992).

I The program adjusts the monthly diversions and returns based on the following
steps:

i 1. Calculate the change in monthly NCD

ANCD = DWRSIM target value - DICU historic estimate (6-1)
2. Calculate the change in the monthly diversion using the result from

I Step 1.

Adiversion = ANCD / 0.7                                                 (6-2)

I Diversions are increased above NCD values based on a 70 percent farm irrigation
efficiency.

3. Calculate the change in monthly return flow based on the result from

I Step 2.

Areturn = 0.3 x Adiversion                                                  (6-3)
Returns are calculated as 30 percent of diversions based on an assumed farm

I irrigation efficiency of 70 percent.
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The values calculated in step 2 and step 3 are used to calculate new monthly
diversions and returns for each DWRDSM node. However there are two special cases as
follows:

A. If the monthly diversion is much less than the return (return is at least 8 times
larger) or the NCD has to be reduced so much that diversions will be reduced to zero
(possible in the winter months), only the return flows are adjusted.

B. If the monthly return is much less than the diversion (diversion is at least 8 times
larger) or the NCD has to be increased so much that drainage will be reduced to zero
(possible in the summer months), only the diversions are adjusted.
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Chapter 7
Model Validation

Most models are validated by making comparisons of model results to field data. The
DICU model is difficult to validate because limited suitable field data is available. However,
some hydrologic data collected on Twitchell Island in 1960 does provide enough information
to validate the DICU model for at least that island (Owen and Nance 1962).

The Twitchell Island hydrology study was undertaken from December 1959 through
March 1961. The of the study was to evaluate the inflow-outflow relationships onpurpose
Twitchell Island and the relationship of consumptive use to actual depletion of water from
the surrounding channels. Twitchell Island was used for the study as a representative
Delta island because it has highly organic surface soils. Field observations performed
during the study include (1) recording siphons diversions, (2) recording pump drainage, (3)
measuring precipitation, (4) measuring soil moisture content, (5) recording weather data
and (6) conducting crop The field observations were used to estimate monthlysurveys.
values of precipitation, ET, the change in soil moisture, siphon inflow, pump outflow, and
seepage (Owen and Nance 1962).. The estimates will hereon be referred to as the Owen &
Nance estimates.

In this chapter, the Owen & Nance estimgtes are compared to DICU model
estimates for Twitchell Island for the same time period as an attempt to validate the model.
The only modification made to the DICU historic input data set was to use actual 1960 land
use for Twitchell Island instead of the critical water year land use typically used by the
DICU model for dry water years.

Precipitation

Owen & Nance estimates calculated the Theissenprecipitation utilizingwere
polygon method on precipitation data from five locations on Twitchell Island (Owen and
Nance 1962). The DICU model also utilizes the Theissen polygon method using seven Delta

stations, recorded at Rio Vista rain is assigned toprecipitation Precipitation a gauge
Twitchell Island (see Chapter 4). Figure 7-1 shows the two precipitation estimates. The
difference between monthly estimates ranges from approximately 10 acre-feet (AF) to 220

period through May. However, on an basis, percentin the November annual the
difference is less than 1 percent which indicates that the Theissen Polygon method used by
DICU is adequate.

Evapotranspiration
Owen & Nance estimated ET using four separate methods of which the Blaney

Criddle method (which uses temperature and atmospheric pressure data) was selected
(Owen and Nance 1962). The DICU model ET estimates are crop dependent but not subarea
dependent (see Chapter 4). Figure 7-2 shows the two ET estimates. DICU model monthly
ET estimates are very close to those estimated by Owen & Nance in the months of April
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I through July. In the period August through September~ ET estimates are less than Owen &
Nance estimates. In the remaining months (December through March), the DICU model ET
estimates are higher.

I The DICU model assumes that the ET of grain on Twitchell island is the same as the
ET of grain anywhere else in the Delta, although humidity, wind, pressure, etc. are all
factors that change within the Delta and affect ET. Owen & Nanco estimates take those

I factors into consideration but the DICU model doesn’t. The difference between the two
estimates ranges from approximately 15 AF to 550 AF from April through September.
However, on an annual basis, the percent difference between the two estimates is less than

I I percent.

Soil Moisture Budget
I During the Twitchell Island study, neutron probe measurements were used to

estimate monthly variation of soil moisture. Measurements were taken at up to 60 locations

I each month (Owen and Nance 1962). DICU soil moisture limits are also based on neutron
probe measurements for a different sample period (see Chapter 4). Figure 7--3 displays
estimates of Owen & Nance’s soil moisture changes versus those estimated by the DICU

I model. The differences between the two estimates range from approximately 45 AF to 535
AF.

Applied Water

During the study period, surface irrigation water was supplied to Twitchell Island
through 25 siphons. Using gauges installed at those siphons and tidal stage data recorded

I in the surrounding channels, siphon inflow was computed (Owen and Nance, 1962). In
Figure 7-4, those values are compared to diversions calculated by the DICU model
(irrigation efficiency and leach water requirements are taken into account). The large

I differences between the two estimates could be caused by seepage, irrigation efficiency,
leach water, precipitation, ET, or the change in soil moisture in any month.

i Owen & Nance measured some applied water (siphoned) in the winter months. The
fact that the DICU model did not simulate applied water in the same time period could be
because the model does not take into account the daily distribution of precipitation. The

i DICU model runs on a monthly time step, which means that precipitation that falls at the
end of the month is available to the plant at the beginning of the month. In general, the
Owen & Nance applied water estimates are higher in months when there was some

i precipitation. Differences between the monthly estimates range from 20 AF to 715 AF.
However, on an annual basis, the difference between the estimates is approximately 10
percent.

I Drainage

All discharged water from Twitchell Island is pumped through one pumping plant

I located along the San Joaquin River. During the 1960 study, the monthly drainage from the
pumping plant was estimated by using data collected on the pump head, energy used by the
pump, and pump efficiency (Owen and Nance, 1962). DICU model drainage is composed

I mainly of runoff from precipitation and leach water, and excess irrigation water (see
Chapter 4). Figure 7-5 shows the two drainage estimates. DICU estimates are consistently
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I lower. The difference between the twp estimates ranges from 100 AF to 690 AF. On an
annual basis, Owen & Nance estimates are more than three times larger than DICU
estimates.                                   . : ,           ~

I Seepage

The annual seepage was calculated by Owen & Nance from the water balance

I All factors measured and solved for. After the annualequation. were seepage was seepage

was determined, it was subdivided into months based on flow nets (Owen and Nance, 1962).
The distribution of the annual seepage to monthly values resulting from the flownets is

I very similar to a distribution which prorates the seepage based on the number of days in
each month. The DICU model estimates seepage available to plants as a function of the

i crop root depth. The seepage estimates using both methods are displayed in Figure 7-6. In
general, Owen & Nance’s seepage estimates are approximately double those of the DICU
model. The difference in the seepage estimates could be due to one or more of the following

i reasons;

1. Twitchell Island has a history of high seepage. The land surface is up to 17 ft below
MSL (NGVD) at some points on the island. However, the seepage estimate used by

I the DICU model is based on an average seepage rate for the Delta lowlands.
Therefore, it is possible that the model is under predicting seepage on Twitehell
Island.

I 2. DICU includes that available to but Owen & Nance’s estimatesseepage only plants
represent total seepage to Twitchell island.

I . 3. Seepage was not directly measured in the Owen & Nance study. Inherent in the
annual seepage estimate are errors that may have been made in any of the
measurements used to estimate the other components of the water balance.

Discussion

I A of observations for each factor follows:summary

Precipitation: Though the differences between DICU model and Owen & Nance

i monthly estimates range from 10 to 220 AF, on an annual basis, the percent difference is
less than 1 percent. DICU precipitation estimates seem to be reasonable.

E~ The differences between DICU and Owen & Nance monthly estimates range

I from 15 AF to 550 AF. On an annual basis, the estimates are similar, with a percent
difference of less than 1 percent. It is likely that in ~he near future, a different method of
estimating ET for DICU subareas will be used. Thellnew method is discussed in Chapter 9.

I Soil moisture budget: The differences between DICU model monthly soil
moisture estimates and Owen & Nance estimates ranges from 45 AF to 535 AF. One

i problem with DICU is that leach water is not taken into account in the soil moisture
budget. It is incorporated into the channel diversion in the NODCU program as if it is
independent of soil moisture budgeting.

I Seepage: DICU seepage is about half of tha~ estimated by Owen & Nance. This may
be due to the fact that the DICU model only accounts for seepage that is available to the

I
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plants whereas Owen & Nance’s seepage estimate is total seepage from the channel to the
island. Any additional seepage not taken into account by the DICU model would have an
effect on drainage, since excess seepage would end up in the drainage ditches.

Applied water: On an annual basis, the model performs reasonably well in
predicting Twitchell Island applied water requirements with a percent difference between
the two estimates of approximately 10 percent. On a monthly basis, the difference ranges
from 20 AF to 715 AF. The model seems to over predict applied water early in the irrigation
season and under predict late in the irrigation season.

Drainage: The difference between monthly DICU model data and Owen & Nance
data ranges from i00 AF to 690 AF. On an annual basis, Owen & Nance estimates are more
than three times larger than DICU estimates which also indicates poor correspondence. All
the factors discussed above, including irrigation efficiency, could be held responsible for the
difference.

Unfortunately, the 1960 Twitchell Island study was the last one of its kind. Since
then, such thorough studies involving detailed measurements for studying Delta island
inflow-outflow relationships have not been completed. However, the comparisons in this
chapter show that even though the model was evaluated for a specific region, it is capturing
the overall trend of some of the hydrologic factors. On an annual basis, estimates of
precipitation, ET, change in soil moisture, and applied water match well. The annual
seepage estimates, on the other hand, are very different and that difference influences the
mismatch in drainage estimates. In the next chapter, the variability in the hydrologic
factors are addressed by the discussion of some sensitivity tests.
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Chapter 8
Sensitivity Analysis,

The comparisons in the previous chapter show some consistent differences between
model results and field estimates. To take into account the differences, sensitivity tests
were made to evaluate the effect of model assumptions on Delta diversions and returns. A
sensitivity analysis was conducted with the DICU model and the NODCU program.

For each test, DICU analyses was performed for water years 1922 through 1990.
Delta diversions and totalled for all 142 subareas and the of thosereturnswere sensi~vity

values are analyzed in this chapter. Average Delta diversion and return results over the
simulation period (1922 - 1990) were compared for most tests discussed in the following
sections.

Sensitivity Tests

The sensitivity of Delta diversions and returns to each of the following variables are
evaluated:

Land use: Actual land use data for 10 years was compared to DICU default land
use.

¯ Irrigation efficiency : decreased from 70 to 50 percent.

¯ Seepage: increased and decreased by 50 percent.

. Precipitation: increased an~ decreased by 10 percent.

. Leach water: increased from about 8 percent to 33 percent of the Lowlands.

* E~. increased and decreased by 20 percent.

¯ Soil moisture limits: Decreased the upper soil moisture limits by 0.5 inches per root
depth.

Land Use. The DICU model, by default, assigns land use to each subarea based on
whether it is a critical or noncritical water year type (Chapter 4). To investigate the impact
of land use on Delta diversions and returns, DICU results based on default land use
patterns were compared to results based on actual Twitchell island land use for 1924
through 1931, 1938, 1948, 1955 and 1960. Results of two of the tests (water years 1930 and
1955) are discussed in this section. Results from other tests are displayed in Appendix F.
The two years were chosen because they cover both water year types used by the DICU
model to determine land use. Water year 1930, a dry year, is classified as a critical year by
the DICU model. Water year 1955, a below normal year, is classified by the model as a
non-critical water year.

Figure 8-1 shows land use for Twitchell island observed in 1930 and Figure 8-2
shows the Twitchell island land use assigned by the DICU model. Comparisons of the
observed 1930 land use results versus DICU land use results for the same water year for
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Figure 8-1. Twitchell Island 1930 Land Use
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Figure 8-2. DICU Twitchell Island Land Use for Critical Water Years
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Twitchell Island are shown in Figure 8-3. In the summer irrigation months, Twitchell
island diversions based on DICU land use are higher than those based on observed data
because the ET of the crops is very different. In critical water years, the DICU model
assumes that about half of Twitchell Island is covered in corn. However 1930 land use
surveys on Twitchell island claim that about half the island was covered in grain. The
difference in land use is reflected in summer diversions because during that time the ET of
corn is higher than the ET of grain and therefore diversions based on DICU land use is
higher than those based on 1930 surveys. Figure 8-3 also shows that returns also increased
in summer under the actual 1930 land use. Since diversions increased, returns also
increased. Higher diversions result in more excess irrigation water due to the effect of the
irrigation efficiency factor in equation 2-3.

Figure 8-4 shows land use for Twitchell island observed in 1955 and Figure 8-5
shows the Twitchell island land use assigned by the DICU model. Comparisons of the
observed 1955 land use results versus DICU results for the same water year for Twitchell
Island are shown in Figure 8-6. The DICU model default land use assumes that in
noncritical water years about half of Twitchell island is covered in corn. The 1955 land use
surveys on Twitchell island show that most of the island was covered in field crops. At first
glance, it may seem that the ET rates of the two crop categories are causing the difference
in diversion and returns shown in Figure 8-6. However, a closer look at the ET values
reveals that the DICU model assigns the same ET rates for both crop categories. The cause
of the difference is due to the upper soil moisture limits. The maximum soil moisture limit
assigned to field in the Lowlands is lower than that assigned to corn. Therefore thecrops
model allows less water to be stored in the soil for the area covered by field crops and
therefore more water needs to be diverted for ET demands in summer. Return results
shown in Figure 8--6 also show the effect of the maximum soil moisture limit. In January,
there is more drainage using the 1955 land use data because the soil moisture upper limit
for field crops is lower than that for corn (the excess moisture is drained instead of stored in
the soil).

Farm irrigation efficiency. Land and water use analysts at DWR Central District
estimate Delta farm irrigation practices to be 70 percent efficient (Sato 1985). This
assumption has been used to run DICU analyses in the past. However, where water is
abundant and cheap, it may be more economical to use an excess ofwater than to pay the
expense of developing efficient farm irrigation systems (Vegetative 1967). Therefore, in this
test, the efficiency was reduced to 50 percent. This assumption implies that irrigation
volumes are twice that needed for consumptive use by crops. The excess leaves the island as
returns.

Figure 8-7 shows Delta diversions for both the 50 percent and 70 percent irrigation
efficiency assumptions. The plot indicates that the irrigation efficiency has a much larger
effect on summer diversions than on winter diversions. The reason for this effect is that in
the winter, precipitation is high and ET is low. Therefore, diversions are small and are ¯
mainly composed of seepage and applied leach water which are independent of irrigation
efficiency (see equation 2-2).

Figure 8-7 also shows Delta returns for both the 50 percent and 70 percent
irrigation efficiency assumptions. Returns are noticeably larger during summer due to the
increase in diversions. By definition, excess applied irrigation water contributes to returns.
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Figure 8-4. Twitchell. Island 1955 Land Use
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During the wet months, there is little difference in return flows because they are composed
primarily of runoff, which is independent of irrigation efficiency (see equation 2-3).

Seepage. Seepage is assumed to be 0.3 inches per foot of crop rooting depth per
month, per unit area in the Lowlands. Alfalfa, for example, is assigned a root depth of 4 feet
in the Lowlands. Therefore about 1.2 inches of seepage per month, per unit area, is
available to the roots. To test the impact of seepage on diversions and return flows, seepage
was increased and decreased by 50 percent. The Twitchell Island validation showed that
Owen & Nance’s seepage estimates are approximately double DICU seepage estimates.
However, since Owen & Nance’s estimates were not directly measured and because
Twitchell Island has a history of high seepage, the DICU seepage estimate was both
increased and decreased by just 50 percent for the sensitivity tests.

Figure 8-8 shows Delta diversions as a result of the increase in seepage. In wet
months, an increase in seepage causes an increase in Delta diversions, by definition. In dry
months, an increase in seepage is counteracted by a decrease in applied irrigation water.
Since seepage is not affected by irrigation efficiency, the total diversion is slightly less.

Figure 8-8 also shows Delta returns as a result of an increase in seepage. In wet
months, when the soil is saturated, an increase in seepage causes an increase in Delta
returns as runoff. In dry months, when the soil is not saturated, increased seepage results
in reduced irrigation requirements. Since applied irrigation water is in excess of plant
requirements (irrigation efficiency), return flows are lower.

Figure 8-9 shows Delta diversions as a result of a decrease in seepage. The results
from this test show the same trends as the preceding test except increases show up as
decreases and vice versa. In wet months, a decrease in seepage causes a decrease in Delta
diversions. In dry months, a decrease in seepage is counteracted by an increase in applied
irrigation water. Although applied water makes up for the decrease in seepage, the total
diversion is more because applied water is increased by an irrigation efficiency factor (see
equation 2-2).

Figure 8-9 also shows Delta returns as a result of a decrease in seepage. In wet
months, a decrease in seepage causes a decrease in Delta returns because less seepage is
drained under saturated soil conditions. In dry months, returns increase because diversions
increase.

Precipitation. Precipitation used as input to the DICU model is based on data from
7 stations. The precipitation estimates probably have the least amount of error compared to
the rest of the input data used in DICU analysis. To test the impact of precipitation data,
the data were increased and decreased by just 10 percent based on the percent differences
observed between DICU and Owen & Nance precipitation estimates on Twitchell Island (3
to 30 percent).

Figure 8-10 shows Delta diversions as a result of the increase in precipitation. The
increase in precipitation causes a decrease in diversions. This means that since more
precipitation is available to the plants, less applied water is needed and therefore the
diversion is less.

Figure 8-10 also shows Delta returns as a result of the increase in precipitation. In
wet months, when the soil is saturated, the increase in precipitation causes an increase in
Delta returns as runoff. In May and June, returns decrease slightly because the extra

!
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I

precipitation is used instead of applied water. Since precipitation is not a function of
irrigatio~i efficiency, when it is used in place of applied water, less precipitation than
applied water is needed to supply the same ET demand.

8-11 shows Delta diversions and returns as a result of a decrease inFigure
precipitation. The results from this test show the same trends as the test above except
increases show up as decreases and vice versa.

Leach Water. Land and water use analysts ~t Central District estimated leach
water applied and drained monthly, based on areal surveys in the late 1970s (Joint 1981).
According to those areal surveys, less than 8 percent of the Delta Lowlands was flooded
annually to leach salts. However, some references estimate that these applications are
made on the average of every 3 years (Documentation 1966). To test the impact of leach
water practices on Delta diversions and returns, the total Lowlands area leached annually
was increased to 33 percent of the Delta Lowlands. This means that the total area flooded
annually increased from 26,800 acres to 115,700 acres (the total leached area was more
than quadrupled). For modeling purposes, the monthly leach water volumes are distributed
over the entire Delta so that each subarea is leached annually. The application and timing
patterns were kept the same in the sensitivity test. Figure 8-12 shows Delta diversions as a
result of an increase in leach water.

Delta diversions increase with an increase in applied leach water since diversions
are a function of leach water (See equation 2-2). Figure 8-12 also shows Delta returns for
both leach water volumes. Delta returns increase with an increase in leach water drained
since returns are a function of leach water (see equation 2-3). Leach water affects Delta
diversions and returns in DICU analysis only from October through April because those are
the months when leach water practices are simulated (Joint 1981).

Evapotranspiration. The Delta evapotranspiration (ET) values used by the DICU
model are from a variety of sources (see Chapter 4). To test the sensitivity of Delta
diversions and returns to changes in ET, the ET estimates were increased and decreased
by 20 percent. In the Twitchell Island validation, the average percent difference between
model estimates and Owen & Nance estimates was 20%.

Figure 8-13 shows Delta diversions as a result of the increase in ET. An increase in
ET means that the plant demand is greater. Applied water is increased, which causes an
increase in Delta diversions.

Figure 8-13 also shows Delta returns as a result of the increase in ET. In wet
months, the increase in ET results in a decrease in return flows. Since the ET demand is
higher, more precipitation is used to satisfy the ET demand, which results in less runoff. In
dry months, since more irrigation water is applied, there is more excess irrigation water
that drains.

Figure 8-14 shows Delta diversions as a result of the decrease in ET. The results
from this test are similar to those from the test above. The same trends can be observed
except increases show up as decreases and vice versa. The decrease in ET causes a decrease
in Delta diversions. Since there is less demand for water by the plants, less applied water is
needed, which decreases Delta diversions.

Figure 8-14 also shows Delta returns as a result of the decrease in ET. In wet
months, the decrease in ET results in an increase in returns. Since the ET demand is lower,
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I less precipitation is used to satisfy the ET demand, which results in more runoff. In dry
months, since less irrigation water is applied, less drains.

Soil Moisture Limits. Soil moisture limits used by the DICU model are a function

I of the The soil moisture limit in theDelta is assumed becroprootdepths. Uplandsupper
1.5 inches per foot root depth. In the Lowlands, it is assumed to be 3 inches per foot root
depth. To test the impact of soil moisture limits on diversion and returns, the Uplands

I upper limit was arbitrarily decreased from 1.5 inches to 1.0 inch per root depth and the
Lowlands upper limit was arbitrarily decreased from 3.0 to 2.5 inches per root depth. Lower
limits were decreased accordingly.

I Figure 8-15 shows Delta diversions as a result of the decrease in the limits. The
diversions are slightly less in January, February, and March because dmdng dry years,

I applied water is needed to bring the soil moisture for the grain and safflower crops to the
lower limit. Most other crops have a lower soil moisture limit equal to zero during those
months (See Figure 4--5). During summer, less soil moisture is available for plant use

I (maximum storage is lower) and therefore more applied irrigation water is needed, which
increases diversions.

Figure 8-15 also shows Delta returns as a result of the decrease in soil moisture
I limits. The returns increased in winter because the upper soil moisture limit was reduced.

The soil was unable to retain as much moisture and therefore there was more runoff. In
summer, more irrigation water was applied and therefore more excess irrigation water wasI drained. Higher diversions result in more excess irrigation water (due to the irrigation
efficiency factor).

I Additional model runs to test the impact of soil moisture limits (such as increasing
the upper limits or varying the lower limits only) were not carried out because this test
showed little sensitivity.

I Discussion

i Tables 8-1 and 8-2 summarize the results from the sensitivity tests by showing the
impact of each variable on Delta diversions and returns. Although the percent
increase/decrease of each variable is different, the individual adjustments are assumed to

i be reasonable and therefore direct comparisons are made at the bottom of the tables. The
two variables showing the greatest effect on Delta diversions and returns are listed for each
month. The results show which variables tested are dominant at different times of the year.

i A summary of observations follows:

¯ The irrigation efficiency and ET are the two major variables controlling the
quantity of both diversions and returns from March through September.

I ¯ Leach water generally has the largest impact on diversions during the months it is
applied (October through December) and on returns during the months when it is

I drained (January through April).

¯ The effect of precipitation on Delta diversions is most obvious in wet months when it
is the main source of water. If it is decreased, more water is diverted to compensate

I for the lack of precipitation. Precipitation has the greatest effect on returns in the
winter months when returns are composed primarily of runoff.
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Seepage is one of the dominant variables in October, November, and December
when applied water is low and seepage is the main component of Delta diversions.
Seepage does not significantly impact return flows. However, the DICU model only
takes into account seepage available to plants., If the seepage assumption was
modified to take into account total seepage to the island, returns would increase
(excess seepage is pumped back into the channel).

Soil moisture limits have the greatest effect on Delta return flows in wet months
when soil moisture is stored in the soil. If the soil moisture storage capacity is
decreased, runoff increases, which in turn increases return flows.

I Table 8-1. Sensitivity of Delta Diversions: Percent Changes
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. JuL Aug. Sep.

I Decrease Efficiency +18 +4 +1 +4 +11 +26 +30 +33 +35 +36 +34 +30
Increase Seepage +14 +24 +10 -3 -2 -4 +3 0 -4 0 0 +6

Decrease Seepage -13 -28 -18 -22 -12 +7 +2 +1 +4 0 0 -5
I Increase Precipitation -1 -2 -3 -!4 -14 -11 -5 -3 0 0 0 0

Decrease Precipitation +1 +2 +4 +15 +17 +14 +6 +3 +1 0 0 0

I Increase Area Leached +44 +105 +180 0 0 0 0 0 0 0 0 0
DecreaseET -15 -5 -5 -21 -31 -34 -28 -28 -26 -22 -26 -22.

i lncreaseET +16 +5 +4 +19 +33 +38 +34 +29 +26 +21 +25 +24
Decrease Upper Soil +2 -2 -5 -17 -11 .-8 0 +3 +3 +2 +6 +5

Moisture Limits

! Primary Variable LW LW LW S El" ET ET elf eft eff elf elf

i Secondary Variable eff S S ET P elf elf ET ET ET ET ET
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Table 8-2. Sensitivity of Delta Drainage: Percent Changes

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep.
Decrease Efficiency +128 +22 +1 +1 +3 +28 +97 +133 +133 +133 +133 +133

Increase Seepage -8 +7 +17 +8 +5 0 .--5 -9 -10 -5 -8 -8
Decrease Seepage +10 +3 -11 -6 -5 +2 +11 +11 +11 +5 +8 +11

Increase Precipitation -1 +29 +33 +16 +17 +15 +4 -3 -1 0 0 0

Decrease Precipitation +2 -21 -29 -15 -16 -12 -3 +3 +1 0 0 0

Increase Area Leached 0 0 0 +100 +68 +52 +6 0 0 0 0 0

DecreaseET -27 +18 +22 +10 +14 +13 -11 -33 -29 -24 -30 -30

IncreaseET +30 -8 -16 -8 -10 -5 +20 +35 +30 +24 +30 +32
Decrease Upper Soil +5. +30 +30 +8 +6 +1 +1 +4 +3 +2 +7 +7

Moisture Limits

Pdmary Variable eft SM P LW LW LW eft eft eft eft eft eft
Secondary Variable ET P SM P P elf ET ET El" ET ET ET

I
Tables 8-1 and 8-2 show that leach water and irrigation efficiency are the most

important variables. However, they are entirely dependent on the farmer’s decision. ¯
Therefore models will always be limited to only very approximate estimates of these values
on a drain-by-drain basis because uf lack of information. Sensitive parameters need to be
explored further to determine if modifications to the current assumptions need to be made.¯

I
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Chapter 9
Future Directions

I Delta Island Water Use Study

A joint feasibility study is being conducted by DWR Division of Local Assistance andI USGS under the MWQI program to measure irrigation and drainage water quantities,
quality, and power use for pumping drain water off the islands (Five-year 1994). The plan is
to study water use in the Delta by focusing on Twitchell Island. After determining theI water balance on Twitchel] Island, extrapolation methods may be used to estimate the
water balance on other Delta islands. Return flows will be calculated using historic power

i records and pump test data obtained from PG&E. The DICU model is being used by the
study team to prioritize data needs. Studies such as this one might give further insight on
the magnitude of Delta channel depletions.

I Modified ET Formulation

ET is one of the two major variables controlling the quantity of both diversions and

I return flows from March through September .(Chapter 8). A new method of estimating ET
in the Delta was recently developed by DWR Central District (Historic 1994). The method is
based on the Hargreaves-Samani equation, which uses temperature and Solar radiation to

I calculate reference ET. ET estimates generated using the Hargreaves-Samani equation will
be used in the future as input to the DICU model instead of using estimates based on pan
evaporation data.

Disaggregating Channel Diversion Estimates

I To reduce entrainment of eggs, larvae, and juvenile fish in the Delta, diversion
facilities can be evaluated with models discussed in this report to (1) assess the benefits of
managing diversion timing and water use, (2) decide where screens are needed, and (3)

I consider whether diversion points should be relocated or consolidated. Output from the
DICU model will be modified to address the significance of agricultural diversions on
particle fate and movement within the Delta by disaggregating channel diversion estimates

I into two components: siphon inflow and seepage. While disaggregation is unnecessary for
simulating hydrodynamics and water quality, it is essential for simulating particle fate and
movement.
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Extending Land Use Database

Recall from Chapter 4 that only two sets of land use data are currently used by the
DICU model. However, variation in land use on an island-by-island basis can be significant
from year to year and notably affects diversions and returns (Chapter 8). Historic Delta
land use information is available in the DWR Bulletin 23 series (Report) and on a
Geographic Information System. The DWR Division of Planning currently has a contract
with USGS to digitize the 142 DICU subareas. The land use data, in conjunction with the
digitized regions and the GIS, can be used to develop a DICU land use database that varies
annually. Interpolation may be used to estimate land use for years in which no information
is available.

Assigning Drain Quality Constituents

The node allocation program assigns a monthly salinity concentration to all return
flows based on three regions in the Delta (Chapter 4). Those values vary monthly but not
from year to year and are used by DWRDSM. DWRDSM2, the new model currently being
developed by the DWR Division of Planning, will need additional input data for several
drain quality constituents including electrical conductivity (EC), minerals, organics,
nutrients,dissolved oxygen, temperature, and algae. Estimates of the constituents may be
assigned to regions in the Delta that differ from Bulletin 123 regions. These estimates will
be used until a dynamic drainage quality module is formulated.

Model Calibration

A model calibration is planned using data from sources of information that were not
discussed in detail in this report. DWR Report 4 has data from a study conducted in 1954
and 1955 in the Delta Lowlands. Monthly diversion and drainage data for 24 subregions of
the Delta Lowlands resulted from ~hat study (Quantity 1956). Diversion data is available in
the DWR Bulletin 23 series (Report). Data collected from the DW-R/USGS study may
provide additionaI information useful for model calibration. Calibration parameters may
include total seepage, irrigation efficiency and leach water.

Modifying Seepage Estimate

The existing DICU seepage estimate only takes into account seepage available to
plants. In the future, this assumption will be revised to also include seepage that is not
available to plants, but which flows directly into drainage ditches.

¯
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Table A-1. Oayflow Net Channel Depletion Estimates: 1930-1993 Monthly Averages
I(in fhounnd ~cre-feep

W~E~OCT NOV ~C    ~N ~ZB ~A~ A~ ~A~ am a~ ~u~
~30 90. 83. ~.-167. -65. -39. 5~. 1~9. 192. 2~0. 194. 129.

1933 97. 84. -14.-147. -17. -15. 88. 69. 187. 225. 196. 132. 884.
1934 80. 41. -62. -54. -103. 49. 91. 106. 179. 226. 196. 110.
1935 76. -29. -8. -8?. 2. -125. -52. 120. 188. 225. 196. 132. 643

1951 44, -152 -80 -?0, -24, -28 86, 81,. 221, 265 231 155, ?28,
1952 54. -5 -145 -240. -41 -98 17. 142. 218. 264 228 153. 548,
1953 114. 15 -124 -49. 47 30 29. 90. 197. 265 230 154. 998,
1954 102. 63 63 -11. -47 -85 25. 104. 198. 265 230 155. I062~m
1955 113. -25 -46 -133. -4 31 -17. 81. 220. 265 230 154. 871.
1956 I07. 21 -374 -247. 1 67 7. 87. 223. 268 233 132. 524
1957 85. 73 108 -81. -88 -56 -23. 58. 208. 268 233 153. 938,
1958 11. 75. -31 -151. -327 -212 -196. 104. 217. 268 233 149. 140
1959 107. 101. 80 -147. -205 64 48. 150. 223. 268 232 -4. 916.
1960 115. 103. 76 -110. -126. 34 56. 122. 223. 268 233 157. 1149.
1961 115. -74. 68 -81. -4? -51 66. 139. 218. 268 228 135. 983[]
1962 112. -2. 23 -6. -336 8 96. 128. 223. 268 232 155. 900
1963 4. 89. 11 3?. -394 -80 -132. 92. 212. 268 233 137. 477
1964 4. -113. 118 -65. 42 26 93. 129. 175. 264 230 144. 1047.
1965 54. -78. -131 -112. 23 -12 10. 147. 223. 268 213 156. 760 Jam

1966 110. -128. -5 -2. -110 55 90. 131. 222. 268 233 154. 1018,
1967 115. -127. -115 -228. -16 -108. -127. 141. 207. 268 233 153. 395
1968 104. 70. -5 -31. -131 -60. 87. 141. 223. 268 233. 157. 1054.
1969 91. -44. -146 -29?. -230 6. 57. 146. 222. 268 233 139. 444.
1970 48. 57. -56 -329. -29 -5 83. 148. 215. 268 233 157. 790B1971 75. -163. -197 17. 25 -411 57. 97. 221. 268 233 156. 746
1972 95. 62. -77 55. 9 78. 59. 144. 212. 268 233 118. 1256
1973 29. -173. 18 -258. -135 -136. 94. 148. 223. 268 233 144. 453.
1974 -15. -93. -45 -86. 7 -45. -17. 150. 208. 240 233 157. 693
1975 78. 52. -7 36. -211 -95. 39. 150. 222. 262 199 156. 879,
1976 11 67. 117 62. -12 25. 20. 150. 221. 268 193 115. 1237
1977 72 70. 109 -28. -24 16. 108. 64. 223. 268 233 136. 1247.
1978 112 23. -120 -317. -154 -177. -48. 142. 223. 268 233 142. 328.
1979 115 -5. 92 -238. -209 -46. 79. 152. 225. 215 231 154. 765m~
1980 30 9. -42 -221. -114 -14. 38. 126. 223. 233 233 157. 656
1981 112 95. 41 -203. -13 -127. 29. 149. 223. 268 233 157. 962.
1982 18 -80. 7. -293. -93 -256. -146 150. 214. 254. 233 33. 39.
1983 34 -146. -112. -183. -164 -334. -8 63. 223. 268. 233 109. -18
1984 84 -251. -125. 50. -25 19. 81 150. 223. 268. 232 132. 837~
1985 33 -127. 12. 26. -29 -64. 94 150. 211. 268. 233 144. 951
1986 57 -92. -12. -59. -412 -190. 14 139. 223. 265. 233 104. 271.
1987 115 101. 71. -67 -197 -135. Ii0 143. 223. 268. 233 157. 1021.
1988 82 4. -76. -75 39 55. -42 122. 205. 268. 233 157. 970.I
1989 102 -1. -34. 25 -61 -118. 98 147. 207. 268. 228 40. 901.
1990 21 37. 128. -11 -105 41. 75 47. 203. 268. 233 154. 1092.
1991 112 39. 12. 60 -164 -291. 78 136. 221. 263. 230 157. 852.
1992 66 U6. -27. -74 -245 -54. 112 150. 219. 268. 233 157. 881.
1993 88 59. -115. -337 -180 -141. 75 111. 181. 268. 233 157. 399.B

AVERAGE 72. 0. -24. -98. -107. -60. 34. 117. 207. 255. 222. 136. 755.

- 84 -

C--032984
C-032984



i Table A-2. DOI Net Channel Depletion Estimates~ Monthly Averages for All Water Years
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Appendix B

Accounting Procedure Used by the DICU Model

Output from a sample DICU model simulation is shown in Table B-1. The
simulation generates monthly historic CU estimates on 142 subareas for water years 1922
through 1992. The table reports crop depletion for water year 1922 for each of the 20
land-use categories on subarea 1 (Union Island, east). The computer program maintains a
soil moisture budget and calculates the contribution of rainfall, seepage, stored soil
moisture, and indgation toward consumptive use. The program is designed to compute
monthly values. A detailed description of the column headings listed in Table B-1 follows
(Consumptive Use Program 1979):

Column Explanations for DICU Model Output Table

The following definitions describe the column headings in Table B-1. The
explanations pertain to the present use of the program in the Delta.

Month - represents the months of October through September in the water year
under consideration.

Precipitation - represents the monthly precipitation plus seepage allocated to each
subarea in inches.

Consumptive Use - estimates of monthly consumptive use of crops grown under
good farm management practices.

Consumptive Use of Precipitation - the portion of precipitation plus seepage in
a given month that is used directly by the plants. It does not include precipitation and
seepage stored as soil moisture. The value is the smaller of precipitation plus seepage and
CU.

Change in Soil Moisture - soil moisture changes in the crop rooting zone. A
positive value indicates a gain in soil moisture storage and a negative value indicates a loss
in storage.

Soil Moisture Accumulation - the amount of water available to plants (stored in
the rooting zone) at the end of the month. Available soil moisture storage capacity is
computed as 1.5 inches of water per foot of rooting depth in the Uplands and 3 inches per
foot rooting depth in the Lowlands. The shown in the heading of eachrooting depths are
crop listing.

Consumptive Use of Applied Water - amount of applied water. When
consumptive use exceeds the water available from rainfall, seepage, and soil moisture
storage, additional water must be applied. During the irrigation season, the CU of applied
water is computed as the algebraic sum of consumptive use and change in soil moisture less
precipitation and seepage. If the result is negative, no applied water is needed and zero is
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shown in this column. In the model, water is also applied when the soil moisture dips below
the lower limit. During the non-irrigation season, water supply to the crops is limited to
the use of available rainfall and soil moisture storage only.

Total Monthly Consumptive Use - the unit area monthly effect on the water
supply of a subarea caused by a particular land use. It is computed as the algebraic sum of
consumptive use and change in soil moisture. The value in inches is then converted to feet
to continue the computation.

Historic Area - This is the estimated land use acreage for the subarea under
examination.

Historic Consumptive Use of Precipitation - This column shows the
consumptive use of precipitation plus seepage in acre-feet. It is computed by multiplying
the sum of precipitation plus seepage used directly by the plants plus that stored as soil
moisture, by the historic acreage.

Historic Consumptive Use of Applied Water + Losses - the consumptive use of
applied water plus losses in acre-feet. The loss term takes into account losses in applied
water due to transporting irrigation water from natural channels to farmland. In the Delta,
these losses are assumed to be zero. Therefore the values in this column are computed by
multiplying the total monthly consumptive use of applied water by the historic acreage.

Total Historic Depletion - estimated monthly depletion. It is computed by
multiplying the total monthly consumptive use by the historic acreage.

Projected Area - estimated future acreage of the particular land use (this option is
currently not used).

Projected Consumptive Use - estimated future level of monthly consumptive use
(this option is currently not used).

Bookkeeping Procedure for Irrigated Pasture

The user must declare in the input data which months are irrigation months and
which are non-irrigation months. Applied water is allowed to satisfy consumptive use only
in irrigation months. If, during a non-irrigation month, precipitation, seepage, and soil
moisture are not enough to meet the ET demand, then the ET demand is not satisfied. In
Table B-l, November through February were declared irrigation months for irrigated
pasture during non-critical water years. If the ET demand is fully met by precipitation, any
excess precipitation is available to be stored in the soil and used later. The quantity of
water stored as soil moisture is limited to that needed to bring the soil moisture storage to
the maximum level prescribed for that month. In Table B-l, total monthly CU is reported
in both inches and feet. These CU values, when multiplied by the historic acreage and the
projected acreage yield values for historic depletion and projected consumptive use. The
projected area is the estimated crop acreage at some future time, say 1995 or 2000.
However, the projected values are not currently being used since projecting land use on
each of 142 subareas is infeasible. See Chapter 6 for details on the source of projected
consumptive estimates.

To aid in understanding the DICU soil moisture bookkeeping, a step-by-step
explanation of the assumptions and mathematics used to generate Table B-I is provided.
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I

Table B-1. DiCU Model Output: Bookkeeping for Subarea 1, p~ge4ofs
I

!
~ ~.8~ 1.0~ ~.0~ 0.74 0.74 O.O0 1.1~ O.~| 0. 8. 0. O. O. O.

!
~ X.ZI ~.~ ~,11 -2.iS I.lO t.+O 1.18 I.il I, I. I, I, I. I,
~Y 1.11 1.41 ~,~ -1.40 I.OO I.O0 ~.11 t.tl O. I. 0. I. I.
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The example below covers only irrigated pasture on Union Island east, for one year. Keep in
mind that the bookkeeping method is repeated for each of the 20 land use categories on
each of the 142 Delta subareas for water year 1922 through the present water year.

October. ARer reading in all of the input data, the .computer program began with
average monthly demands of crop consumptive use (CU) in inches. Table B-l, =Crop
Depletion Analysis - Irrigated Pasture", lists the CU demand for October as 3.67 inches in
column 3 under "Consumptive Use.~ The program first supplied this demand with
available precipitation and seepage. Even though seepage is not shown in the column
heading, it is added to the precipitation and the sum is listed in column 2 as 0.66 inches.
The amount of water supplied from precipitation is shown in column 4, =Consumptive Use
of Precipitation" and becomes part of column 8, =Total Monthly CU." If the crop CU demand
for each month cannot be fully supplied by precipitation, additional water can be supplied
from previously stored soil moisture. In October, no soil moisture was available for irrigated
pasture. Moreover, the storage had to be increased by 1.00 inches to an October minimum of
4.00 inches (for irrigated pasture in the Lowlands). Therefore the uumet crop CU demand
and the increase in soil moisture had to be supplied by irrigation (because October is part of
the irrigation season). The demand for applied water during October is then calculated as:

3.67 inches CU Demand

minus 0.66 inches precipitation plus seepage
plus 1.00 inches for soil moisture
equals 4.01 inches applied water.

The applied water is shown in column 7 of Table B-1. The total monthly
consumptive use in October became:

0.66 inches precipitation
plus 4.01 inches applied water

equals 4.67 inches total monthly CU

I
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November. In Table B-l, November had 1.83 inches of precipitation, which was
the CU demand for of 1.09 inches. Theenough meet pasture excessprecipitation,0.74

inches is assumed to have permeated the soil, increasing the storage to 4.74 inches. The
total consumptive use of irrigated pasture for November was calculated as:

1.09 inches CU demand
plus 0.74 inches stored in the soil
equals 1.83 inches total monthly CU

December. In Table B-l, December had 2.84 inches of precipitation, which was
more than enough to meet the CU demand of 0.68 inches. Part of the excess precipitation,
1.26 inches is assumed to have permeated the soil, increasing the storage to the December
maximum of 6.00 inches. The excess precipitation, 0.90 inches, became runoff, which is not
listed in the CU program. The total consumptive use of irrigated pasture for December was
calculated as:

0.68 inches CU demand

plus 1.26 inches stored in the soil

equals 1.94 inches total monthly CU

January and February. In January and February, the CU demand was met by
ample precipitation and the soil moisture remained at the maximum allowable level. Excess
precipitation became runoff.

March and April. In March and April, precipitation was insufficient to meet the
CU demand. Also, soil moisture storage had to be maintained at 6.00 inches. Therefore,
applied water was to by precipitation seepage.used meettheCU demandunmet and

May. In May, the CU demand of 6.66 inches for was partially met by 1.11 inches of
precipitation. The remaining CU demand of 5.55 inches was taken care of by applied water
and stored soil moisture. Soil moisture was available to irrigated pasture because the
minimum allowable storage decreased by 1.00 inches to 5.00 inches in May. Applied water
was computed as:

6.66 inches CU demand

minus 1.11 inches precipitation

minus 1.00 inches extracted from stored soil moisture
equals 4.55 inches applied water.

The total CU in May was computed as:

1.11 inches precipitation

plus 4.55 inches of applied Water
equals 5.66 inches total monthly CU.

June through September. For the balance of the growing season, the preceding
method was used to determine the other monthly values of consumptive use of applied
water (CUAw). Table 4-4 shows that the lower limit of soil moisture during June for
irrigated pasture is 0.50 inches less than the preceding month. This pattern was
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incorporated into the program to simulate a field practice known as "Soil Moisture Mining,"
which is described in Chapter 4.

In Table B-l, the total consumptive use of applied water (CUAw) for irrigated
pasture for water year 1922 is reported as 32.06 inches. It dan be readily shown how this
value is a function of the amount and distribution of rainfall. This value might vary 20
percent from year to year. For crops such as alfalfa, that are normally planted in deep soil,
the opportunity within the program for the storage and subsequent use of precipitation is
much greater. In Table B-l, for irrigated alfalfa, the total monthly consumptive use is
shown as 44.87 inches, the same as that for irrigated pasture. However, more rainfall was
utilized during the year by alfalfa through the storage of rainfall in the soil.

Bookkeeping Procedure for Special Land Use Categories

The computer program method of allocating precipitation, seepage, stored soil
moisture and applied water is similar for most of the 20 land-use categories. However, soil
moisture bookkeeping for the following categories is handled differently:

1. dry grasses (hay and grain);

2. native vegetation;

3. non-irrigated crops (non-irrigated pasture, vineyards, orchards);

4. riparian vegetation;

5. water surfaces; and

6. urban areas.

Moisture accounting for these crop categories is also shown in Table B-1.

Native Vegetation, Dry Grasses and Non-irrigated Crops. In the bookkeeping
for thesecategories, irrigation is not used to meet a deficit between the water needs of the
plants and the water available from precipitation, seepage, or stored soil moisture. The
consumptive use demand in months when deficits occur is not met.

In Table B-I under, "Hay and Grain Depletion Analysis," a typical moisture budget
is depicted where 16.57 inches of the total annual precipitation of 17.97 inches was utilized.
Direct use of precipitation comprised 10.57 inches while an additional 6.00 inches was used
indirectly from soil storage of the annual precipitation. Monthly values, when multiplied by
historic area, yield estimates of historic CU for dry grasses on the region (Union Island,
east). Bookkeeping for native vegetation and non-irrigated crops was handled similarly.

Riparian Vegetation and Water Surface Categories. Moisture accounting for
riparian vegetation and water surfaces is also handled differently from the other crop
categories. In the accounting for these two categories, soil moisture and applied water are
not used to satisfy the ET demand. However, if available precipitation and seepage are
insufficient to meet the ET demand, diversions are simulated i.e. the total plant demand for
these two categories is met. (See the columns in Table B-1 labeled "Residual Consumptive
Use to be Met by Inflow").

Urban Land Use. Moisture accounting for the urban land use category is treated
differently from all other categories. First of all, urban land use is divided into three
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categories by area and each is assigned an ET value. Lawns and landscape are assumed to
I cover 25 percent of urban area and are assigned the ET of pasture. Vacant lots are assumed

to cover 37 percent of urban area and are assigned the ET of native vegetation. Hardtops

i and roofs are assumed to cover 38 percent of urban area and no ET demand is assigned to
that area (Consumptive Use Program 1979).

For urban lands, applied water is used to satisfy the plant demand when

i precipitation and seepage cannot. No soil moisture bookkeeping is performed. Unit
depletion is calculated as 25 percent of that of irrigated pasture (representing lawns,
shrubbery, and trees) plus 37 per cent of that of native vegetation.

I The last section in Table B-1 "Total Basin Consumptive Use Summarf lists the
total basin precipitation and the total historic consumptive use for subarea 1 (Union Island,

I east).

The bookkeeping methods described above are repeated for 142 Delta subareas.

I
!

I
I
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Estimation of Delta Island Diversions and Return Flows
I

Table C-3. Subarea to Node Diversion Allocation Factors, page 1of4

DELTA ZSlJU4D (SUEA/t~) Dr~XO~ ~TZO~ FACTORS
FOR D~/~ DEL~A ~DEL NODES (4/20/88). MODZFZED ro~ D~ NO~S ~ P~ (~

NODE D~ q ZSL ~D£ D~ q X~ NODB D~ q

52 2.0~ 10 30~ ~S.~8 aS ~3 3.~
53 5.S5 10 302 S.0S aS 24 3.S~

104 10.12 10 303 25.32 25 ~5 5.36
205 3.8~ 20 304 ¯ 6.4S 25 26 6.55
106 27.10 10 33~ 8.44 25 138 15.67
lOT ZO.TZ 10 340 24.6~ 25 13~ 15.65
108 2.08 11 16 100.00 25 140 3.t~
10~ 11,90 12 13 61.11 25 141 2.38
111 S.S5 12 14 38.89 25 142 5.36
170 10.42 13 292 28.99 25 146 5,36
171 2.08 13 2~4 1~.39 25 14~ 10.32
1~2 ?.~4 13 34~ 33.33 25 148

~1 4.06 13 348 20.29 26 336               ~00.00
112 14.3~ 14 302 8.14 2V 338 100.00
113 ~.03 14 304 14.56 28 338
1~2 8.12 14 305 18.28 28 339         22.?3
1~4 6.25 14 306 14.33 29 39 13.~0
175 S.44 14 30~ 15.~6 2~ 40
1~6 9.38 14 308 ~.49 2S 245
1~ 14.38 14 316 15.00 29 250 6.60
178 2.19 14 350 6.14 29 251 6.60
182 3.12 25 11 ~.83 29 268 3~.10
183 2.19 15 12 6.88 2S 271
187 5,~4 1~ 13 8.B4 30 333         ~5.00
188 S.00 15 14 4.S? 30 334 25.00
Z8~ ~.19 15 10~ S~.63 3Z 60
190 2.19 15 108 ~0.25 31 61 8.92
191 1,09 16 316 100,00 31 62 5.52
192 4.06 1~ 316 100.00 31 64 2.9~
303 8.08 18 8 1.73 31 65 2.9~
304 10.05 1B 9 13.61 31 66
305 9.~1 18 10 21.04 31 67 60.31
~06 15.12 18 11 6.68 31 68
340 9.97 18 48 3.~6 3Z Z~Z 4.46
341 ~.39 18 49 6.44 31 1~2
342 2.58 18 50 8.42 3Z 1~5
343 2.~2 ZB 51 Z.73 32 205 ~.22
344 17.35 Z8 52 S.6~ . 32 SO6 22.22
346 3.26 18 104 3.~1 32 222 11.11
34? 8.5~ 1B 105 13.3~ 32 223 44.45
348 4.98 18 106 5.20 33 ~7 4.18

~ 12.46 18 10~ 8.42 . 33 ~8 ~.32
B 2.13 1~ 246 15.82 33 ~9 11.26
9 12.~ 1~ 247 11.65 33 aO 2.25

10 17.02 lS 250 ~.4~ 33 B1 2.25
11 18.54 19 266 26,3~ 33 82 2.25
Z2 24.31 1~ 268 11.21 33 196 4.50
13 12.?? lS 27B 2~,48 33 197 3.21

29~ 13.03 20 253 27,31 33 198 20.35
297 5.88 20 33S 9,25 33 209 20.49
298 14.71 20 340 20.~0 33 2~0 1.61
299 9.8~ 20 341 32.1~ 33 211 9.9?
33~ 15.13 20 342 10.57 33 2Z2 8.36
~38 22.4~ 21 256 100.00 34 ~0 25.00
339 18.91 22 288 15.~5 34 ~Z 25,00
334 33.33 22 290 22,83 34 1~9 25.00
335 33.33 22 2~2 9.45 34 209 25.00
336 33.34 22 343 15.75 35 253 36.00

40 10.00 22 344 24.41 35 338 64.00
41 20.00 22 346 11.81 36 18 50.00

271 44.00 33 271 9.90 36 19 SO.00
294 26.00 23 280 1,69 3~ 44 19.80

43 2.06 23 282 4.83 3~ 45 26.~4
44 ~.06 23 284 ?.9~ 3~ ~22 11,38
45 42.36 23 286 9.18 37 223 17.32
46 ;8.52 23 288 13.04 3~ 226 24.~6

240 3.82 23 290 13.29 38 330 33.33
352 6,18 23 292 17.39 38 331 33.33
353 12.65 23 294 18.84 38 332 33.34
354 ~.35 23 342 0.97 39 296 2,19
25~ 45.55 23 343 2.90 39 a9~ 8.21
260 25.94 24 334 Z00.00 39 298 6.29
262 17.82 25 16 2.~8 39 299 2.Z~
274 10,69 25 22 10.71 39 301 0.82
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Table C-3. Subarea to Node Diversion Allocation Factors, page 2 of 4
I

DELTA ZSIJ~ND Dzv~e.’SZO~ ,~LLOC~T~C~( FACTO~t~
FOR ~t//U4A DELTA HODZL NODES (4/20/|8). NODZFZED for D~4 NODES BY e)lT (NH 2/21/82)

I 18L NODE DI"V’ q ZSL NC~E DI"V t ZSL NODE DZ’V

38 302 3.28 54 243 18.62 55 158 8.64
39 311 2.74 54 24S 14.|9 65 158 17.28
38 336 58.53 54 247 18.62 85 163 16.05
39 339 S.?S 54 250 21.81 65 167 16.05I 40 253 100.00 SS 26 12.98 65 IS1 13.00
41 58 5.78 55 28 5.48 66 152 13.00
41 58 5.78 55 30 18.52 56 155 50,00
41 60 S.79 55 32 39.63 66 158 7.00

41 61 4.13 55 141 32.41 66 IS8 7.00

I 41 62 17.36 5~ 264 15.42 67 42 27.2?
41 63 11.57 54 244 17.01 57 43 48.48
41 64 14.05 56 276 8.52 57 226 24.24
41 150 35.52 54 2?8 58.05 61 316 33.34
42 41 28.71 S? 86 3.47 68 320 33.33
42 42 36.59 S? 89 15.28 68 521 35.33

i 42 43 8.13 57 82 15.19 58 ? 25.45
42 240 24,5? 57 83 6.84 69 8 15.76
43 241 100.00 S? 200 11.11 59 51 13.85
44 25? 100.00 57 201 36.12 89 52
45 21 100.00 57 203 13.89 69 54 7.88

I 46 316 100.00 58 24 1.88 69 164 2?.26
4? 126 20.00 $8 25 11.86 70 1 100.00
4? 127 20,00 $8 26 1.t8 71 201 15.28
4? 128 20.00 S8 29 14.41 71 202 8.61
4? 135 10.00 58 50 5.95 71 203 8.61
47 136 10.00 58 32 7.81 71 204 15.06

I 4? 137 10.00 58 241 25.71 71 205 18.28
4? 145 10.00 55 242 28.64 71 206 31.24
48 32 4.38 59 243 13.$6 72 41 8.11
48 35 34.37 59 122 6.91 72 240 17.76
48 38 8.?S 59 124 3.72 ?2 348 16.99
48 39 13.12 59 142 10.64 ?2 350 41.70I 48 245 17,50 59 143 6.81 ?2 351 15.44
48 251 21.88 59 144 11.17 73 518 14.60

49 82 11.06 $9 145 7.45 73 520 85.40
49 85 5.11 59 146 12.78 74 82 9.77
49 86 3.93 58 147 3.72 ?4 84 15.04
49 187 16.60 59 148 36.70 ?4 85 18.$8
49 198 60.42 60 113 2?.?5 ?4 56 S.26
49 200 2.98 60 114 33.97 74 118 5.26
50 93 29.11 60 115 5.22 ?4 119 15,03
50 88 4,96 60 216 3.35 ?4 184 15.03
50 203 $.68 60 117 3.35 ?4 188 15.O3

I S0 204 9.22 60 118 25.36 75 21 34.43
50 205 21.97 81 75 2,33 ?5 24 65.57
S0 215 28.06 61 77 5.81 ?6 3 50.00
51 38 13.40 61 ?8 2.33 76 S 50.00
51 40 ?.22 61 ?9 4.66 ?? 314 53.61

I 51 41 20.62 61 80 5.74 7? 317 8.98
51 42 ?.22 61 81 8.07 77 318 28,43
51 224 13.40 61 92 2.87 77 319 3.98
51 226 38.14 61 113 3.75 ?8 316 80.82
52 35 16.50 61 114 2.15 ?8 350 19.18
52 38 9.90 61 115 1,25 78 1 80.00

I 52 100 16.50 61 116 10.39 79 3 20.00
52 130 18.86 61 117 8.61 80 262 47.81
52 133 15.$6 61 188 3.?5 80 264 23.68
52 224 22.68 61 189 4.66 80 2?5 28.51
53 86 2.58 61 190 4.66 81 2?4 68.54
53 89 ?.74 61 191 20.40 81 2T6 32.46i 53 92 9.96 61 192 7,53 82 54 30.17

! 53 93 10,32 61 194 5.20 82 55 13.21
53 88 12,90 51 195 5.74 82 56 13.21
53 100 2.$8 62 32 27.54 82 170 43.41
53 121 5.16 62 35 34,78 83 316 20.00

I 53 122 ;2,58 62 133 37.68 83 317 20.00
53 124 23,00 63 242 44.00 83 318 20.00
53 125 7,74 63 246 56.00 83 319 20.00
53 126 5.16 64 242 32.14 83 321 20.00
53 127 5.15 64 243 15.73 84 S       100.00
53 128 ?.38 64 246 25.47 85 162 S0.O0i 53 130 5.15 64 247 26.98 55 163
53 213 2.58 65 151 17.28 86 6 100.00
54 32 26,0~ 65 153 15.05 67 319 100.00
54 243 18.62 65 156 8.64 88 320 100.00

!
I
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Table C-3. Subarea to Node Diversion Allocation Factors, page 3 o~4

NOD~ DI"V t ~S~ NOD~ D:L’Y t zaL NOD~

05 158 1.64 II 320 100.00 101 255 100.00
65 159 17.29 88 320 100.00 102 20 10.09
85 163 16.05 90 163 100.00 102 54 3.72
55 ~6~ 16.05 |1 6 6~.70 102 SS 3.72
66 151 13,00 81 262 30.30 102 56 3.72
66 152 13.00 92 40 2.47 102 58 3.72
88 155 00.00 92 41 2.47 102 59 3.72
66 158 7.00 92 42 2.S3 102 149 3.72
86 159 7.00 92 45 a.53 102 158 3.72

6? 42 27.2? 92 44 2.53 102 188 3.72
67 43 48.49 92 43 2.53 102 171 3.72
67 226 24.24 92 46 11.94 102 241’ 40.10
68 316 ’33.34 92 47 11.34 202 242 9.86
68 320 33.33 82 240 2.53 102 2?4 6.47
58 321 33.33 92 253 1.08 103 1 25.29
69 ? 25.45 92 255 0.21 103 3 4.73
69 8 15.76 92 256 0.10 103 13 0.12
69 52 13.95 92 25? 1.16 103 18 0.81
69 52 9.70 82 260 0.11 103 21 0.81
69 54 7.88 92 262 0.12 103 63 16,17
69 164 27.26 92 264 0.21 103 66 5.69
70 1 100.00 92 266 0.11 103 6? 5.89~
71 201 18.29 92 271 0,48 103 88 0.57
71 202 8.61 92 276 0.20 103 150 13.48
71 203 1.01 92 278 0.10 103 155 1.07
71 204 15.06 92 280 0.48 103 241 1.55
71 205 18.29 82 282 0.48 103 242 2.05
71 206 31.14 82 284 0.48 103 246 7.59
?2 41 8.11 82 286 0,48 103 253 2.?4
?2 240 17.76 92 288 0.48 I03 2?4 3.27
?2 348 16.99 82 290 0.48 103 276 4.58
72 350 41.70 92 292 0.48 103 2?8 4.$9
72 351 15.44 82 294 0.48 104 26 100.00
73 318 14.60 92 301 0.65 105 242 100.00
?3 320 85.40 82 302 0.65 105 242 100.00
?4 82 9.7? 92 303 0.65 107 110 36.81
74 84 15.04 92 304 0.65 107 111 18.05
74 85 1~.58 92 305 0.48 107 112 6.94
?4 86 S.26 92 306 0.48 107 113 21.35
?4 118 5.26 92 307 0.65 107 114 16.84
74 119 15.03 92 334 2.00 108 22 100.00
74 194 15.03 92 335 1.52 109 32 100.00
74 195 15,03 92 336 1.35 110 30 50.00
?S 21 34.43 82 33? 1.35 110 32 50.00
?5 24 65.S? 92 338 0.65 111 130 22.83
?6 3 50.00 82 339 0.65 111 135 11.41
76 S SO.O0 92 340 0.65 111 136 19.02
?? 314 53.61 82 341 0.65 111 137 7.61
77 317 8.98 92 342 0.48 111 142 7.61
77 318 28.43 92 ~43 0.48 111 143 22.28
77 319 8.98 82 344 0,48 111 144 9.24
78 316 80,82 32 346 0.48 112 26 50.00
78 350 19.18 ~2 347 0,48 112 29 50.00
79 1 80,00 92 340 0.48 113 108 66.67
79 3 20.00 82 350 3.18 113 113 16.67
80 262 47.81 92 351 3.18 11~ 114 16,66
80 264 23.68 92 352 2.53 114 24 100.00
80 275 28.51 92 353 2.53 115 246 100.00
81 2~4 68.54 92 354 11.94 118 241 7.95
81 276 31.46 92 355 11.85 116 242 92.05
82 54 30.17 |3 253 32.37 117 246 100,00
82 55 13.2I 83 257 2.08 118~ 25 SO.O0
82 56 13.21 93 332 2.39 118 29 50.00
82 170 43.41 83 333 63.16 119 260 10.72
83 316 20.00 94 253 100.00 119 262 12.60
83 317 ~0.00 85 253 33.33 119 264 9.58
83 318 20.00 95 257 66.67 113 268
83 319 20.00 88 256 50.00 119 268 1,88
83 321 20.00 96 380 50.00 119 269 7.51
84 5 100.00 ~? 33? 100.00 119 271 3.75
85 162 50.00 98 348 50.00 119 280 1.58
85 163 SO.O0 98 350 SO.O0 119 282 10.72
86 6 100,00 89 342 100.00 119 284 14.48
87 319 100.00 100 253 11.48 119 286 16,09
88 320 100.00 100 25? 65.57 120 23 25.23
89 320 100.00 100 2~0 22.85 120 24 30.63
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Table C-3. Subarea to Node Diversion Allocation Factors, p ge 4 of 4

DELT~ ZSLX~’~ DIV£~SZ~ ALLOC~ZO~ F~TONS

ZBL NODE D~ t ZJL D~

120 24~ 44.14 134 203 3.84
121 301 0.~1 134 204 3.84
121 302 0.~1 134 205 34.~8
121 304 0.~1 134 215 3.83
121 305 1.91 134 216 ~.08
121 306 1.~1 134 ~22 17.4~
121 315 8.38 134 224 12.03
121 317 3.91 135 39 50.00
121 318 3.91 135 42 50.00

122 320 5.81 136 216
121 321 3.91 136 226 25.00
121 326 22.50 136 232 25.00
121 350 8.38 137 38 5.00
121 351 7.25 137 77
1~1 352 21.31 23? ~8 S.O0
121 354 ~.3S 23~ 79 5.00
121 355 7.39 137 80 S.O0
122 320 76.51 137 ~1 S.O0
122 350 23.4P 137 82 5.00
123 3S2 50.00 137 84
123 353 50.00 137 ~5 S.O0
224 314 100.00 137 ~6 5.00
125 298 4.53 137 Jl 5.00
125 299 4.53 13~ ~2 3.00
125 301 4.53 13~ 93
~25 302 4.53 137 98 5.00
125 304 4.$3 13~ 100

125 312 7.2~ 13~ IS7 5.00
125 314 0.~3 1]~ 198 5.00
125 315 1.57 137 212 5.00
125 318 1.57 13~ 219 5.00
125 326 1.57 138 98 21,43
~25 330 7.03 138 100 21.43
225 331 ~.03 138 232 5~.14
125 332 ~.03 13~ ~8 100.00
125 333 7.26 140 38 12.50
125 334 7.26 140 39 12.50
125 335 7.25 140 40 ~2.50
125 336 ?.26 140 41 12.S0
125 33? ~.26 140 42 12.50
125 318 I~0.00 140 43 12.50
~2~ 317 100.0~ 140 44 12.50
128 193 100.00 140 45 12.50
129 45 29.60 141 45 25.10
129 198 10.20 141 46 37.45
129 199 10.20 141 47 37.45
129 200 10.20 ~42 222 50.00129 201 10.2~ 142 226
12~ 205 10.20
129 223 ~9.40
130 193 32.20

130 201 3.96
130 206
130 222
130 223 0.94
131 222 52.12
131 225 4~.88
132 ~2 8.94
132 ~3 11.17
132 74
~32 75 5.59
~32 ~82 22.38
132 183 ~.~3
132 187 22.32
132 192
133 45 28.04
~33 2~5 6.02
1~3 216 6.02
133 222 31.88
133 223 28.04
134 38 12.08
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Estim~|on of De/ta/s~and Diversions and Return Flows
I

Table C-4. Subarea to Node Drainage Allocation, Factora, p~e 1 of 2

DELTA 18LAND (SUa&RF~) DRA.1;H,~;E AI4,OCATZ(:~f ~AC’I’OP.,S (t)
FOR D~R/]~*,A DELTA HODEL NODES (4/20/88). HODZFZED rO~ D~ NODBS NY PN’~ (1~ 2/21/92)

1 53 2.73 23 286 27.80 58 25       30.32
1 104 2.73 23 292 4.48 58 243 6).69
2 105 2.73 24 332 20.00 59 221
1 206 11.48 24 333 20.00 59 143 50.00
1 108 5,46 24 334 70,00 60 115 14,2)
1 111 26,23 25 23 33,33 60 122 85.71
1 170 31.70 25 148 66.87 61 78 28.00
2 171 24.21 20 336 200.00 61 80 72.00
1 272 2,73 27 338 100,00 62 35 100,00
2 112 11,96 28 338 100,00 63 242 100,00
2 113 18,20 2) 40 66,07 84 242 28,00
2 174 ),42 2) 251 83,33 64 243 50,00
2 176 12,96 80 311 200,00 64 247 25,00
2 178 5.|0 31 86 8.86 65 167 10.14
2 189 5.0? 31 60 13,73 65 165 37,63
2 1gO 19,92 31 63 13,74 65 16) 52,18
2 191 16.57 32 64 2,94 66 150 100,00
3 303 10,68 31 65 4.90 6~ 42 100,00
3 305 21,14 31 66 4.90 68 316 33,34
3 306 54,09 31 172 6,86 68 320 83,33
3 344 24,09 31 173 6,86 68 321 33,33
4 8 26.02 32 175 6,86 08 165 100,00
4 ) 16,26 32 176 23,73 ?0 1 100,00
4 10 23,82 31 277 11,76 71 201 20,00
4 11 21,14 31 178 6,|6 ?1 204 80,00
4 12 11,38 32 205 10,00 72 41 48.52
4 13 11,38 32 215 22,86 ?2 240 23,6?
S 296 3,?8 32 222 67,14 72 348 2,96
5 29? 3.?8 33 ?9 42,86 72 350 18,)3
5 2~8 26,49 33 197 S7.14 ?2 351 5,92
5 33? 6.49 34 193 ??,75 73 318 61,76
5 338 ~,52 34 205 22.22 73 319 26,35
5 339 57.84 35 253 74,00 ?3 320 11,85
6 298 33,00 35 338 26.00 74 195 100,00
8 336 6?,00 36 18 50.00 ?5 24 100,00
? 40 100.00 38 18 50,00 ?6 3 50,00
8 43 32,13 37 44 60,00 76 5 50,00
8 45 45,37 37 45 40,00 77 314 53,61
8 46 6,03 38 310 75,00 ?? 317 8,98
8 240 2,01 38 328 25,00 ?? 328 28,43
8 352 2,01 39 298 82.$4 ?? 319 8,98
8 353 12.45 39 301 0,34 78 315 14,77
9 25? 40.?8 39 30? 8,05 ?8 350 85,23
9 260 9,21 3~ 312 5,56 ?9 I 71,05
8 262 50,00 38 314 3.51 79 3 28,95

10 3¢2 2~0,00 40 253 100,00 80 264. 100,00
11 138 100,00 41 60 55,32 81 276 100,00
12 13 24.69 41 149 29.?9 82 55 66,6?
12 14 25.53 41 150 14.85 82 1~0 33,33
12 15 48.38 42 42 100.00 03 316 100.00
13 2~2 17.11 43 241 100.00 84 5 100.00
1~ 294 82.BS 44 25~ 100.00 85 162 50.00
14 350 100.00 45 21 100,00 85 163 60.00
15 11 1.27 46 308 50,00 86 6 200.00
15 22 20,83 46 316 50.00 8~ 320 58,?2
15 13 4,46 4? 135 ~00,00 87 32~ 42.28
15 108 4.46 48 39 50.00 88 320 100.00
15 138 78.98 48 251 50,00 89 320 100.00
26 318 100,00 49 85 100,00 90 163 100,00
1~ 316 100,00 SO 93 56,61 ~1 6 61,54
18 10 13,51 SO 98 28,50 91 162 38,46
18 48 35.14 50 216 15,09 92 41 1,16
18 51 13,51 51 38 43.95 92 253 2,33
18 ~06 18,92 51 42 22,11 92 280 4,32
18 107 18.92 51 224 43,94 92 333 2,82
lS 250 "50.00 52 35 33,90 92 535 72,56
19 268 *50.00 52 130 66,20 92 337 17,81
20 253 96,80 53 )3 43,47 93 253 32.37
20 335 1.23 53 100 56.53 93 257 2,08
20 340 1,97 54 245 100,00 )3 332 2,3)
21 280 100,00 55 32 20,00 93 333 63,16
22 290 100,00 55 140 80.00 94 253 100,00
23 271 52.~2 56 266 100,00 )S 253 33,33
23 282 14.~0 5? 86 100,00 ~3 257 65,67
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I Estimation of Delta I~land Dlveraion: and Return Flows

i Table C-4. Subarea to Node Drainage Allocation Factors, page2 of 2

FOR Dk’R/RHA DELTA HODEL NODES (4/20/18). NODZFZED ~ DBN NODES 8Y PH’~ (NH 2/21/92)

I ZSL NODE DRN q ZSL NODE DIqN t ZILNOOE

16 28O 100.00 121 328 12.S0 234 224 12.01
S? 33? 100.O0 221 35O S.38 135 39 50,00
98 348 50.00 121 351 7.25 135 42 SO.O0

I 98 350 50.00 121 352 22.32 136 31 25.00
99 342 100.00 122 3S4 7.39 134 216 25.00

200 253 50.00 121 355 7.39 138 224 25.00
100 260 50.00 122 320 76.S1 138 232 25.00
101 2S3 100.00 122 350 23.49 131 31
102 20 10.09 123 352 SO.O0 137 7? S.O0

I 102 54 3.?2 123 353 SO.O0 137 71 $.00
102 55 3.72 224 307 $0.00 137 79 5.00
102 56 3.?2 124 315 SO.O0 137 10
102 58 3.?2 125 298 4.53 137 I1 5.00
102 59 3.72 125 2~9 4.53 ~3T 82 S.OO

i 102 149 3.72 125 301 4.53 137 14 ~.00
102 168 3.?2 125 302 4,53 137 15
102 169 3.72 125 304 4.53 13? 16 S.O0
102 171 3.72 125 311 ?.25 137 91
102 242 40.10 125 312 ?.28 137 92                    5.00
202 242 9.8~ 125 314 0.73 137 93 5.00
102 2~4 6.4~ 125 315 1.57 137 98
103 1 25.2~ 125 318 1.57 137 100
103 3 4.?3 125 325 1.£~ 157 196 5.00
103 15 0.12 125 330 ?.03 137 197
103 18 0.81 125 331 ?.03 137 258
103 21 0.81 125 332 7.03 137 212 5.00i 103 63 16.17 22~ 333 ?.26 137 219 5.00
103 65 5.6~ 125 334 ?.26 138 232 200.00
103 57 5.89 125 335 ?.26 135 98 100.00
103 88 0.5? 125 336 7,26 140 38 12.50
103 150 13.48 125 33? 7.26 140 39 12.50

I 103 155 1.07 128 318 100.00 140 40 12.50
103 241 1.55 127 318 100.00 140 41 12.50
103 242 2.05 128 ?0 100.00 140 42 12.50
103 246 ?.$9 12~ 45 29.60 140 43 22.50
103 253 1.74 129 198 10.20 140 44 12.S0
103 2?4 3.2? 129 199 10.20 140 45 12.50

o 103 2?6 4.58 129 200 10.20 141 45 25.10
I03 2?8 4.55 125 201 10.20 241 45 37,45
104 26 100.00 129 205 20.20 141 47 37.45
105 242 100.00 129 223 19.40 142 222 50.00
106 242 100.00 130 66 2.68 142 226 50.00

i 107 111 33.33 130 67 2.68
¯ 107 113 68.6? I~0 88 2.68

108 23 100.00 "130 69 2.68
109 32 100.00 130 ?0 2.68
110 30 50.00 130 79 2.88
110 32 50.00 130 183 2.68
11~ 13? 40,00 130 197 2.68
llL 143 60.00 130 198 9.18
112 26 50.00 130 199 2.68
112 29 50.00 130 200
113 113 50.00 130 201 5.50

i 113 114 50.00 130 204 8.50
1~4 24 100.00 130 205 6.50
115 246 100.00 130 206 0.94
116 241 100.00 130 209 2.68
117 246 100.00 130 222 0.94
118 26 50.00 130 223 33.46

I 118 29 30.00 131 222 50.00
11~ 268 IO.S? 131 228 50.00
11g 26~ 8~.13 132 192’ 100.00
~20 241 100.00 133 45 28.04
121 301 0.7~ 133 215 6.02
121 302 0.71 133 21~ 6.02

I 121 304 ~ 0.71 133 222
~21 305 1.91 133 223 28.04
121 306 1.91 134 38 12.08
121 315 8.38 234 203 3.94
121 317 3.SI 134 204 3.84

I 121 318 3.~I 134 205 34.78
121 319 3.91 134 215 3.83
121 320 5.81 134 215 12.08
121 321 3.Sl 134 222 17.47
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Es~mation of De/ta Island Dl~ers/ons and Return Flows

Table C-5. Consumptive Use Adjustment Program~ Output File, psge I of 2

DRR/N,L~ DELT& MODEL RYI)~O’LOGY ~N’21q.ZZS BY ~ODR (CFS)
D2J~NAGES CDRN) AND DZVEI~SZONS (DZV) FOR OCT- lifTER YF.PJ(

** N~T r.~qNNEL D~.P~TZON AD..,’~ST~O rROH -1S06. (DZCU) TO -2271. (SZN-2SSS.KYD)

~¢]DB D]O( D~V M~O2 Dl~ DI"V M003 D~N DZV

2 S.20 22.02 77 0.00 1o58 IS3 0,00
2 O.00 0.00 78 0,25 2,78 254 0.00        0.00
3 2.33 S.SZ 79 0.80 2.23 ZSS 0.28 4.52
4 0,00 O.00 80 0.iS 1,32 156 0,00
S 0.77 3.34 ~1 0.00 Z. ~1 1S7 0.00 0.00
0 0.32 ~.S4 22 0.00 1.7| 158 0.00 1,55
7 O. O0 0,32 84 0 ¯ O0 0.8~ 188 0 ¯ 00 2 ¯ 07
8 0.80 2.01 85 0,3,1 ~.20 ~0 0.00 0,00
0 0.~6 4.7S 8~ 0.~O 1.12 ~= 1.2| ~.40

10 0.82 0,~3 07 0.00 0,00 1i2 1.17 7,E4
22 0.71 i.00 08 0.00 0.00 204 0,00 3.18
22 0,i7 ~.54 08 0,00 1,15 118 2,75 0.00
13 0.72 7.17 80 0.00 0.00 104 0.00 0.00
14 0.20 3.31 81 0.00 0.28 ll7 0.1E 2.07
15 0.39 0.00 82 0.00 =.17 188 0.89 0.23
1~ 0.00 4.21 83 a.30 7.14 188 0.81 0.23
17 0.00 0.00 84 0.00 0,00 170 0.88 3.83
18 0.28 1.20 85 0.00 0.00 171 0.43 1.~0
lS 0.14 0.~0 8~ 0.0O 0.00 172 6.22 S.22
20 0.10 O.~3 87 0.00 0,00 1~3 0.14 0.00
21 0.62 3.42 98 0.~0 3.74 174 0.28
22 0.00 3,24 98 0,00 0,00 175 0,14 3.12
23 0.S0 1.S8 100 0.73 4.44 17~ 0.91
24 0.24 3.13 101 0.00 0.00 177 0.24 4.43
25 0.12 2.10 202 0.00 0.00 ~72 0.30 0.87
26 0.2| 2.SS 103 0.00 0.00 178 0.00 4.28
27 0.00 0.00 104 0.07 3.65 181 O.00 0.00
28 0.00 0.00 10S 0.07 3.0? 282 0.00 1,$4
28 0.21 2.73 10~ 0.77 $,79 183 0.00
30 0.21 1.99 107 0.46 20.98 104 0.00
31 0.00 O.00 108 0,2? t.S2 185 0.00 0.00
32 0.34 7.71 I08 0.00 3.38 186 0.00 0.00
33 0.00 O.00 1~0 0.00 2.~6 187 0.00 2.40
34 0.00 0.00 111 0.87 3.04 188 0.00 2.02
~5 1.74 8.30 112 0.33 4.84 189 0.14 1.28
38 0.00 0.00 113 1.30 8.42 180 0.58 1.28
37 0.00 0.00 114 0.28 6.45 181 0.46 1.68
38 0.0~ 9.|6 115 0.1~ ’ 0.90 182 0.38 2.38
38 0.82 4.55 11i 0.00 1.74 183 3.09 21.03
40 0.88 5.42 117 0.0O 2.51 184 0.00 1.20
41 0.37 ~.50 118 0.00 3.19 195 0.3S
42 0.66 6.03 119 0.00 0.52 181 0.00 0.01
43 0.27 8.13 120 0.00 0.00 18~ 1.11 1o4~
44 1.33 0.82 121 0.78 0.74 188 1.46 34.72
45 2.58 22.27 122 0.00 0.87 189 0.74 5.24
46 0.05 15.48 123 0.00 0.00 200 1.46 3.01
47 0.00 12.74 124 0.00 2.13 201 1.26 0.28
48 0.85 0.82 125 0.00 1.10 202 0.00 0.30
49 0.00 1.33 126 0o00 1.31 203 0.00 2.01
50 0.60 1.~4 127 0.00 1.31 204 1.10 2.36
52 0.33 2.24 128 0.00 1.83 205 1.37 11.17
52 0.00 3.08 12~ 0.00 0.00 206 0.10 4.28
53 0.07 1.69 130 2.03 5.71 207 0.00 0.00
54 0.04 1.86 131 0.00 0.00 208 0.00 0.00
55 0.24 0.52 132 0.00 0.06 20~ 1.09 6.84
56 0.18 0.52 133 0.06 4.8| 210 0.00 0.21
5~ 0.00 0.00 134 0.00 0.00 211 0.00 1.29
58 0.04 0.92 138 0.41 O.?~ 212 0.00 1.36’
SS 0.04 0.02 136 0.00 1.00 213 0.00 0.37
66 2.~9 1.21 13~ 0.12 0.~1 215 0.47 5.42
61 0.00 2.05 138 2.S7 2.06 21~ 0.46 4.37
62 0.00 3.03 130 0.00 2.86 21~ 0.00 0.00
63 3.06 13.49 140 0.29 0.75 218 0.00 0.00
64 0.06 2.18 142 0.00 2.44 219 0.00 0.28
68 0.10 0.52 242 0.00 J.ll ~20 0.00 O.00
66 1.3~ 4.78 143 0.29 1.45 221 0.00 0.00
6~ 1.30 24.06 144 0.00 1.20 222 2.00 0.98
5O 0.3~ 0.85 145 0.00 0.83 223 4.52 13.33
69 0.2~ 0.00 146 0.00 1.84 224 0.07 ~.2~
70 1.57 4.29 147 0.00 2.22 225 0.00 0.00
71 0.00 5.53 148 0.05 4.17 22~ 0.50 14.25
?2 0.OO . 0.23 149 0.05 0.23 227 0.00 0.00
?3 0.00 * 0.28 150 4.14 14.33 228 0.00 0.00
74 0.00 0.28 151 0.00 2.04 232 0.00 4.38
75 0.00 0.44 152 0.00 0.01 238 0.00 0.00
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Estimaf~on of D~lta Island Diversions and Return Flows
I
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Appendix D

Leach Water

An excerpt from the 1981 report entitled ~Joint DWR and WPRS Delta Channel
Depletion Analysis" follows (Joint 1981).

The purpose of the leach water adjustment is to redistribute from one month to the next a
certain volume of Delta inflow affected by the flooding and draining of the land for leaching
purposes.

The surveys mentioned in the introduction covered the Peripheral Canal service area
comprising 175,500 acres of irrigated cropland. The surveys showed that no lands were
flooded for leaching prior to October 1 and essentially all lands were drained ofpurposes
leach water by the end of March.

The following table presents the average land areas flooded in the Peripheral service area
at the end of each month:

(In lO00’s of acres)
September 30 0
October 31 2.8
November 30 6.8
December 31 13.4
January 31 5.9
February 28 2.0
March 30 0.13

The above table one--half 759001350600) of the lowlands. Thereforerepresents only (1
these figures are doubled on the following table in column one to represent the total leaching
in the lowlands. The land areas being flooded at the beginning and ending of each month were
compared, and the differences are shown in column two.

(in 1000’s of acres)
Rooded at End of Change in lands

Month Rooded
September 30 0 -
October 31 5.6 +5.6
November 30 13.6 +8.0
December 31 26.8 +13.2
January 31 11.8 -15.0
February 28 4.0 -7.8
March 30 0.3 -3.7
April 30 0 -0.3
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Estimation of De/Is Island Diversions and Return Flows ....
I

At a meeting with Gordon Lyford and George Sato it. was agreed that we assume a depth
of one foot of water ponded and another foot of water stored in the soil for a total depth of two
feet.

The leach water adjustment then, is two feet times the change in lands flooded. The
following table represents the proposed adjustment to Delta inflow. Since Delta water
requirements are subtracted from Delta inflow, a positive number represents a loss in inflow
and a negative represents a gain in inflow.

(in thousand acre-feet)
Leach Water
Adjustment

September +11.2
October +16.0
November +26.4
December -30.0
January -15.6
February -7.4
March .-0.6
April 0
May 0
June 0
July 0
August 0
Total 0
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Appendix E

Irrigation and Drainage Factors for Delta Subareas

An excerpt from the 1988 memorandum entitled "Irrigation and Drainage Factors
for Delta Service Area Entities" follows (Irrigation 1988).

For the approximately 350 channel nodes of the RMA model, irrigation and drainage
factors were computed for 142 political entities within the Delta Service Area.

Irrigation factors indicate what percentage of the entity’s applied water leaves the channel
in the proximity of a node of the RMA model.

Drainage factors indicate what percentage of an entity’s drainage water enters the channel
in the proximity of a node of the RMA model.

1977 land use sepia maps with entities delineated by cutting lines were used in
conjunction with a 1987 inventory of irrigation and drainage facilities.

Irrigation factors for either "islands" ringed with irrigation facilities or "Tracts" with irrigation
facilities along one. two. or three sides. The cross sectional area of each irrigation facility was
computed, Siphon areas were not adjusted, Irrigation pump areas were adjusted by a factor of
2. Floodgates were adjusted by a factor of 4. Adjusted areas were assigned to the nearest
channel node and irrigation factors computed from the ratio of assigned adjusted area to the
total adjusted cross-sectional area for the island. Record (or entities) numbers using this
assumption are:

1 15 34 53 65 96
2 18 35 54 66 100
3 19 37 55 67 107
4 20 39 56 69 108
5 22 41 57 71 111
7 23 42 58 72 116
8 25 47 59 74 119
9 28 48 60 75 120
10 29 49 61 80 131
12 31 50 62 81 132
13 32 51 63 82 138
14 33 52 64 91
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Estimation of Delta Island Diversions and Return Flows

Irrigation factors for sma~! land areas near one or two channel nodes. Factors assigned by
inspection. Record numbers using this assumption are:

6 30 76 95 110 124
11 36 84 97 112 127
16 38 85 98 113 139
17 43 86 99 114 142
21 45 87 104 115
24 46 88 105 117
26 68 89 106 118
27 70 90 109 123

Irrigation factors for large land or.water areas not fitting into the first two irri_oation
categories. Factors were computed for channel nodes based on land and water areas
assigned to the nearest node. Record numbers using this assumption are:

40 79 101 125 133
44 83 102 126 134
73 92 103 128 135
77 93 121 129 136
78 94 122 130 137

140
141

Drainage faCtors for islands with two or more drainage pumping plants, A percentage of
the total island discharge was assigned to the nearest channel node for each pumping plant
based on the total cross sectional area of the discharge pipes of each pumping plant. Record
numbers using this assumption are:

001 012 029 041 059 078 ~
002 013 031 050 060 079
003 015 032 051 061 082
004 018 033 052 064 087 ¯
005 020 034 053 065 107
008 023 035 055 071 111
009 025 039 058 072 119 ==

I
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F.st~matlon of Delta ~land Diversions and RMurn Flows

Draina_oQ factors for islands with one drainage pumpin_o plant that dischar_oes near a
channel node. 100 percent of the drainage was assigned to the nearest channel node. Record
numbers using this assumption are:

007 027 054 075 094 114
010 028 056 080 096 115
011 030 057 081 097 116
014 042 062 083 099 117
016 043 063 084 104 120
017 044 066 086 105 127
021 045 067 088 106 128
022 047 069 089 108 132
026 049 074 090 109 138

139
Drainage factors for islands with one drainage pumpin_o plant that discharo_es somewhere

in two percentage of total island discharge was assigned tobetween channel nodes.A the
each adjacent node based on distance from the point of discharge. Record numbers using this
assumption are:

37 46 48 131

Draina_co factors for undesi_anated areas. Undesignated areas are unlike islands in that
they are large stretches of land that skirt the Delta Service Area covering several 7-1/2 minute
quad sheets. Drainage factors were computed for the closest channel node based on land
area. Record numbers using this assumption are:

92 102          121    125          129
93 103                     122         126                    130

I Draina_oe factors for water surfaces. No drainage factors were computed. Record numbers
using this assumption are:

I 133 135 137    141
134 136 140    142

I
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~matlon ~ Del~ ~land ~/~s and Return Rows I

Drainage factors for small entities that don’t fit into the other categories. Fa=om dedved
Iby inspection. Record numbers using this assumption am:

6 68 91 112 I
19 70 95 113
24 73 98 118

I36 76 100 123
38 77 101 124
40 85 110

I

I
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I
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I
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I
I
I
I
I
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Appendix F

Sensitivity Plots
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F~timalion of Delta Island ~iv~r~ions and Ream ~ows
~

I
Tw~ell !~ D~emtons                                     ~

......
~T NOV DEC ~N FEB ~ ~ ~Y ~N ~L AUG ~P

I
Twitchell island Drainage I

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG 8~P

I1~24 land u~

Figure F-1. DICU Model Results: 1924 I
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I
i Twitchell island Diversions

I

_
(:X;T NOV DEC JAN FEB         MAR APR MAY JUN JUL AUG

I
i Twitchell Island Drainage

I Figure F-2. DICU ModelResults: 1925
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FJ~imwtton of Delta Islsnd Diversions wnd Return Rows
’ I

I
Twitcheil Island Diversions

I
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Twitchell island Drainage 1

~T NOV DEC ~ FEB ~ ~R ~Y ~N JUL A~ ~P 1

IJ926 ~

Figure F-3, DICU ModelResults: 1926 I
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Estimation of De~ Island Dlvers/ons and Return Rows

I
Twitchell Island Diversions

.                                     I
It ’

~ I
~ I

~ I

I
CX;T           NOV           DEC           JAN           FEB           ~          /~PR           MAY           JUN           JUL           AUG           8EP

I
Twitchell Island Drainage !

I

O~TDIcuNOV~ ue,~     DEC     JAN     FEB     MAR    APR    MAY    JUN     JUL     AUG     8EP                                I

1~28 ~r~ use

Figure F-5. DICU Model Results: 1928 i
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Twitchell Island Diversions
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I Figure F--6. DICU Model Results: 1929
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Figure F-7. DICU Model Results: 1931 I
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I Figure F--8. DICU Model Results: 1938
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m Figure F-10. DICU Model Results: 1960
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Appendix G

Glossary

Applied Irrigation water (IA) - irrigation water applied through siphons, floodgates and
pumps.

Channel Depletion - In this report, water removed from the channels through irrigation
facilities plus seepage available to plants.

Consumptive Use (CU) - designates the amount of water actually consumed through
evaporation, transpiration and soil moisture storage.

Consumptive Use of Applied Water (CUAw) - amount of applied water used to supply
consumptive use demands.

Consumptive Use of Precipitation (CUp) - amount of precipitation used to supply
consumptive use demands. In DICU model bookkeeping, CUB is included as part of CUp.

Consumptive Use of Seepage (CU,) - amount of seepage used to supply consumptive use             :
demands. In DICU model bookkeeping, this value is listed as part of CUp.

Delta Consumptive Use - see "Total Consumptive Use".

Delta Island Consumptive Use (DICU) - soil moisture budget model for estimating
consumptive use.

Delta water requirement - see "Total Consumptive Use".

Department of Water Resources Delta Simulation Model (DWRDSM) - a model used
to simulate Delta hydrodynamics and water quality.

Department of Water Resources Planning Simulation Model (DWRSIM) - a
statewide water allocation model used to simulate the Central Valley Project and the State
Water Project systems.

Diversion - see "Channel Depletion".

Drainage - See "Returns".

Evaporation Pan -. In this report "evaporation pan" refers to a U. S. Weather Bureau
Class A evaporation.

Evapotranspiration (ET) - The quantity of water transpired by plants, retained in plant
tissue, and evaporated from plant foliage from surrounding surfaces and from adjacent soil.

Field Capacity - The volume of water remaining in a well-drained soil when velocity of
downward flow into unsaturated soil has become negligible. It is expressed as a percentage
of weight oven d~y or as aof soil soil moisturetensionvalue.

Gross channel depletions (GCD) - see "Total Consumptive Use".

Growing Season - A period during which crops experience their greatest growth and
water use.
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Est~mstion of DeJta Island Diversions and Return Flows

Internal Delta ]Vet Use - see "Net Channel Depletion".

Irrigation Drainage - See "Drainage".

Irrigation Efficiency O1) - The ratio of minimum irrigation requirement to applied
irrigation water.

Leach Water (LW) - heavy applications of water made periodically to leach salts from the
root zone.

Minimum Irrigation Requirement (Applied Water Requirement or IR) - amount of
water required to be delivered to a field headgate for irrigation purposes.

]Vet channel depletions (]VCD) - on a Delta-wide basis, the difference between total
Delta diversion and total Delta drainage for a given period of time.

Neutron Probe - An instrument, based upon the principle of neutron moderation, for
determination of soil moisture content.

Pan - See "Evaporation Pan".

Precipitation (P) - The deposition of water from the atmosphere upon the Earth’s surface
in the form of rain, snow, sleet, mist or hail.

Returns - In this report, water returned to the channel through irrigation facilities.

Riparian Vegetation - Vegetation growing on the banks of a stream or other body of
water.

Root Zone - The portion of the soil profile through which plant roots readily penetrate to
obtain water and plant nutrients, expressed in inches or feet of depth.

Rooting Depth - The portion of the soil profile containing nearly all of the plant roots.

Runoff (RO) - excess moisture that is created when the amount of moisture in the soil is
greater than the field capacity.

Seepage (S) - water that seeps from channels onto islands in the Delta Lowlands because
of the head difference between water elevations in the channels and water elevations in
drainage ditches in the islands.

Soil Moisture (SM) - the amount of water available to plants that is stored in the rooting
zone. Usually expressed as a percentage of the dry weight of the soil.

Soil Moisture Change (Soil Moisture Depletion) - normally, the loss in soil moisture
per unit time resulting from transpiration and surface evaporation. The change may
become a positive value as a result of’precipitation or irrigation.

Solar Radiation - short-wave energy" originating from the sun. Solar radiation is the
earth’s principle source of energy.

Subarea to Node Allocation Program (]VODCU) - a program used to determine
irrigation diversions and drainage volumes, assign drainage salinity concentrations for
each DICU subarea, and allocate volumes and concentrations to DWRDSM nodes.

Total Consumptive Use (TCU) - see "Consumptive Use".

Transpiration - the process by which water vapor is transferred to the atmosphere
through living plants.

- 134-
I

C--033034
C-033034



Printed By
Department of Water Resources

Reprographic Services

(~m033035
C-033035


